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INTRODUCTION 

Although a substantial amount of work has been done in 

productivity r e s e a r c h using a single factor input, l i t t le has yet been 

wri t ten using the "total factor" concept. The t e r m "total factor" 

r e f e r s to the technique used to derive productivity ra t ios which a r e 

based on a combination of labour and fixed capital es t imates which 

a r e weighted according to the marke t value of their se rv ices . To date, 

the mos t important contribution in this a rea is contained in J. W. 

Kendrick' s book, Productivity Trends in the United States. *• 

The total factor productivity es t imates for the Canadian manu­

facturing sector a r e presented and analysed in this thes is . They a r e 

a r r ived at largely by using the concepts developed by J. W. Kendrick 

in h is study of the American economy. 

Productivi ty ra t ios which do not take account of a l l factor in­

puts a r e not useful for the measu remen t of over -a l l changes in produc­

tive efficiency since they can be affected by changes which may occur 

in the combination of inputs, i. e. by factor substi tutions. The "total 

factor" concept was chosen for use in this thes is since it u s e s both 

labour and capital in the construction of the input es t imates thus ruling 

out changes in productivity ar is ing from factor substitutions. Using 

this method 

1 John W. Kendrick, Productivity Trends in the United States, 
(Pr inceton, Pr ince ton University P r e s s , 1961), p. LII, 630. 
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INTRODUCTION IX 

only those factors which a r e proper to productivity will influence the 

industry es t ima tes . 

The method of est imating fixed capital stock was provided by 

the work of Wm. C. Hood and Anthony Scott in, Output, Labour and 

Capital in the Canadian Economy. Actual es t imates of fixed capital 

were published by the Dominion Bureau of Statistics in P re l imina ry 

Est imates of Fixed Capital Flows and Stocks, Canada, 1946-1960. 

The basic concept of labour input utilized in this thesis is that 

of labour t ime . This can be expressed in t e r m s of hours worked or 

hours paid. F rom a standpoint of defining a purely physical relat ionship 

between output and input, man-hours worked would seem to be the naost 

appropriate concept since it re la tes the physical output to a m e a s u r e of 

the man-hours expended in its creat ion. The data requi red to p resen t 

es t imates based on this concept a r e not available for the period p r io r 

to 1958, therefore in the in te res t of comparabil i ty, man-hours paid 

were used. 

2 Wm. C. Hood and Anthony Scott, Output, Labour and 
Capital in the Canadian Economy, (Ottawa, Queen*s P r i n t e r , 1957), 
p. 512. 

3 Canada, Dominion Bureau of Sta t i s t ics , P re l imina ry 
Est imates of Fixed Capital Flows and Stocks, Canada, 1946-1960, 
(Ottawa, D. B. S. Daily Bulletin, Tuesday Dec. 22, 1964). 
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INTRODUCTION X 

Information on employment, wages and s a l a r i e s , and hours 

was taken from the following Dominion Bureau of Statist ics publication: 

General Review of the Manufacturing Industr ies of Canada, and 

Earnings and Hours of Work in Manufacturing. 

The major problems encountered in deriving the es t imates 

stem from the fact that the data used was collected for purposes 

other than the calculation of productivity. As a resu l t of the Dominion 

Bureau of Statistics* changes in definitions and industry classif ications 

it was frequently necessa ry to make adjustments to ensure the 

comparabili ty of the data over the period under consideration. 

The capital stock es t imates produced by the Dominion Bureau 

of Stat is t ics did not extend beyond I960. It was therefore necessa ry 

to produce p re l iminary es t imates for the 1960-1964 period in order to 

obtain the needed coverage in a l l indus t r ies . 

4 Canada, Dominion Bureau of Sta t i s t ics , General Review of 
the Manufacturing Industr ies of Canada, (Ottawa, Queen*s P r i n t e r , 
Annual). 

5 Canada, Dominion Bureau of S ta t i s t ics , Earnings and Hours 
of Work in Manufacturing, (Ottawa, Que en1 s P r i n t e r , Annual). 
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INTRODUCTION XI 

Indexes of "total fac tor" productivity were produced at the 

industry level and aggregated and weighted to der ive es t imates for the 

manufacturing sector as a whole. This was done to ensure the compa-

rabili ty between industry and sector e s t ima tes . The industry c lass i f i ­

cation chosen for this thesis is that of the 1949 Census of Manufacturers 

and al l p r io r and subsequent classification changes were adopted to 

conform with the chosen l i s t . 

The p r i m a r y purpose of this thesis is to derive es t imates of 

productivity for the Canadian manufacturing sector using the "total 

factor" concept and to a s s e s s their meaning. The es t imates derived 

cover the period from 1946-1964 and were produced at both the 

industry and sector levels . The analysis of the es t imates so derived 

sets out the demensions of the growth of productivity over the relevant 

period as well as i ts distr ibution among the individual industr ies in an 

effort to revea l the t rends which may exist in the data. The influence 

of cyclical factors on these var iables has a lso been investigated and 

analysed. 

In recen t y e a r s , productivity has gained increasing acceptance 

among labour , business and government as a tool in collective barga i ­

ning. On the one hand, it has been uti l ised to justify wage demands and 

on the other as a basis for income pol ic ies . With this in mind the 
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INTRODUCTION XII 

Canadian experience was reviewed in an effort to examine the possible 

relat ionship between the changes in productivity and the changes in 

r e a l wages and s a l a r i e s . 

The Economic Council of Canada has a lso investigated the 

behaviour of r e a l wages and productivity but it has done so with the 

aim of focussing on the factors influency the growth of productivity. 

Once these factors have been established the Council recommends 

various courses of action designed to inc rease productivity. 

Rising productivity, is at one and the same t ime , 
the indespensible condition for the achievement of r is ing 
s tandards of life and a powerful factor in the c i rcumstances 
requi red to ease the possible s t ra ins and conflicts among 
the var ious a ims and purposes of our increasingly complex 
society. In addition to enlarging incomes , improvements 
in productivity a r e important for increasing profitability 
and competi t iveness of Canadian industry, for better 
in te r regional balance, for providing growing r e sou rce s 
for social purposes and for maintaining a viable balance 
of payments . 

The use of productivity indexes as a tool in collective 

bargaining is examined with a view to determining the feasibility of 

such a course of action and to examine some of the possible limiting 

factors of such a policy. 

6 Canada, Economic Council of Canada, Second Annual Review 
Towards Sustained and Balanced Growth, (Ottawa, Que en1 s P r i n t e r , 
December 1965), p. 169. 
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CHAPTER I 

THE SIGNIFICANCE OF PRODUCTIVITY 

1. The Development of In te res t in Productivi ty. 

Economists have long been concerned about the effect of tech.-. 

nological advances on economic development. Adam Smith gave ex­

p res s ion to this concern for productivity when he wrote: 

The annual produce of the land and labour of any nation can 
be inc reased in i ts value by no other means , but by increas ing 
either the number of i ts productive l aboure r s , or the productive 
powers of those labourers who have been employed. . . in con­
sequence either of some addition and improvement to those 
machines and ins t ruments which facilitate and abridge labour; 
or of a m o r e proper division and distribution of employment. 

During much of the XDC century, the importance of product i­

vity to economic development continued to be recognized but the impl i ­

cations drawn from this relat ionship led economists to different con -

elusions. David Ricardo and John Stuart Mill were pess imis t i c in that 

they felt that i nc reases in population growth would outs t r ip the benefits 

to be derived from productivity. On the other hand, Henry C. Carey, 

John Rae and Henry George believed that economic expansion would be 

charac te r ized by inc reases in productivity ra ther than by diminishing 

r e t u r n s . 

1 Adam Smith, An Inquiry into the Nature and Causes of the 
Wealth of Nations, (New York: Random House, 1937), p. 326. 
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THE SIGNIFICANCE OF PRODUCTIVITY 2 

The representatives of the neo-classical school were not completely 

free from Malthusian fears, but as Marshall stated in his "Principles of Eco­

nomics", the danger of stagnation did not appear to be imminent. 

The term 'productivity' itself was first used regularly in the marginal 

productivity theory of value. This theory related the value of the marginal 

product to the value contributions of the primary factors of production, and 

attempted to account for the division of the value produced among the factors. 

This doctrine soon became entangled with ethical concepts, and was used to 

determine the 'right' or 'proper' way of distributing the surplus value created. 

One very basic weakness of all these theories was the lack of empir i­

cal evidence to test them. This deficiency was corrected only relatively recen­

tly. During recent years, the increasing interest in questions of economic 

growth, cost-structure and international competitiveness and in the relationship 

between output, employment, earnings and prices has focussed attention on 

productivity as a framework within which such problems can be usefully 

analysed. 
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THE SIGNIFICANCE OF PRODUCTIVITY 3 

2. The Productivity Concept. 

The t e r m 'productivity' is generally used ra ther broadly to 
denote the ra t io of output to any or al l associated inputs, in r e a l 
t e r m s . 

In this sense , there exists a whole range of productivity 

r a t i o s , each of which indicates the savings achieved in par t icu lar cost 

e lements over t ime as a r esu l t of changes in productive efficiency and 

factor substi tutions. Productivity ra t ios which ut i l ize a single factor 

input a r e t e rmed 'pa r t i a l productivity' m e a s u r e s , and the mos t com­

mon such ra t io i s output per man-hour . 

Until recent ly, most of the productivity m e a s u r e s that have 

been developed re la ted output to a single p r imary input, namely laboui 

The main reasons for the wide spread use of labour as the denominator 

in productivity ra t ios a r e that: a) labour i s a r e s o u r c e common to all 

indus t r ies ; b) labour, in the majority of ca ses , accounts for the 

l a rges t p a r t of value added in the productive p roces s ; c) labour i s 

the consumer as well as the producer of the economy's goods and 

se rv ices , and therefore i nc r ea se s in output per unit of labour provide 

a means of increas ing the standard of living, and d) i t r e l a t e s 

2 John W. Kendrick, Productivity Trends in the United States, 
(Pr inceton, Pr inceton University P r e s s , 1961), p. 6. 
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production to one of the sca rce r fac tors , i. e. human r e s o u r c e s . The 

use of labour a s the common denominator of productivity ra t ios does not 

mean, of course , that the 'productivity' so measu red i s solely the r e su l 

of the human factors,involved; r a the r , these r a t io s imply that compared 

to the common yards t ick of labour input, the re la t ive output i s so much 

fxrfhaa-charigejd'.by sovnouch. 

Productivity ra t ios which do not take account of al l factor in­

puts a r e not useful for the measu remen t of over -a l l changes in produc­

tive efficiency since they can be affected by changes which may occur in 

the combination of inputs, i. e. by factor substitutions. 

Underlying the estimation of output-input re la t ions stands 
the concept of the production function, i. e. , the notion that the 
physical volume of output depends on the quantities of produc­
tive se rv ices , or inputs, employed in the production p r o c e s s 
and the efficiency with which they a r e util ized. ^ 

In the national accounts f ramework, the output of the economy 

as a whole i s generally measured in t e r m s of the final products only. 

In termedia te inputs consumed in the productive p roces s a r e removed 

through consolidation of the accounts to eliminate double counting. The 

inputs assoc ia ted with the national product reduce to the se rv ices of the 

factors of production, which can usefully be classified as human and 

non-human. 

3 Ibid. , p. 6. 
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THE SIGNIFICANCE OF PRODUCTIVITY 5 

In the accounts p repared by individual f i rms , output i s frequen 

tly measu red g ros s , i. e. , no deductions a r e made for in termedia te 

purchases . In this case the re levant inputs consis t of the factor inputs 

plus the in te rmedia te - product inputs. In order to a r r i v e at r e a l p ro ­

duct es t imates by industry these in termediate product inputs mus t be 

netted out to a r r i v e at a value added est imate by industry of origin. 

This done, the es t imates of industry output ref lect the se rv ices of the 

bas ic fac tors , as in the economy case. 

Changes in the productivity of tangible factors cannot be m e a ­

sured direct ly . Approximations a r e possible by comparing the r ea l 

output to t ime-flow m e a s u r e s of the r ea l inputs uti l ized in the creation 

of these products . Since the significance of the ra t ios i s largely depen­

dent on the exact content of the constituent e lements , the concepts and 

m e a s u r e s employed in their derivation will be d iscussed in g rea te r 

detail in subsequent chapters . 

At this point however, it is apparent that the productivity 
m e a s u r e re f lec ts , to an important extent, the excluded input 
of the tangible capital accumulated in order to i nc rease the 
efficiency, i. e. the productive capabil i t ies, of the tangible 
fac tors . But this and other qualitative elements cannot be in­
dependently measured in a satisfactory way. "* 

4 Ibid. , p. 7. 
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THE SIGNIFICANCE OF PRODUCTIVITY 6 

Another feature of production theory which should be noted is 

that the composition of outputs as well as inputs va r i e s over t ime. Such 

changes in factor combinations invalidate the use of par t i a l productivity 

ra t ios in the measu remen t of changes in productive efficiency. This 

holds even if the input is a major cost element, eg. labour input. 

However, these par t ia l productivity ra t ios can be quite useful in the 

measu remen t of the savings rea l ized over t ime in the use par t icu lar 

inputs. This fact becomes increasingly manifest if the ra t io is inverted 

to read ' input per unit output'. Here a declining ra t io i s evidence of the 

savings achieved in the use of a par t icular input factor. However, it 

should be noted that these par t ia l productivity ra t ios a r e affected by 

factor substitutions and the labour savings achieved may in fact be the 

resu l t of inc reased use of capital or of a general i nc rease in productive 

efficiency. 

In order to m e a s u r e the t rue savings rea l ized in the use of 

factor inputs and thus the inc rease in overal l productive efficiency it is 

necessa ry to compare the output to all inputs employed in i t s creation. 

This , then is the m e a s u r e of productivity that this thes is will seek to 

establish for the Canadian manufacturing sector over the re levant 

period. 
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THE SIGNIFICANCE OF PRODUCTIVITY 7 

3. The Meaning of Productivity Change. 

Total factor productivity may be thought of a s the ra t io 
of r e a l product in the manufacturing sector or in component 
indus t r ies (at constant unit factor cost) to the associa ted r ea l 
national income deflated by factor p r i ces . 5 

If output and input units of a later period (II) a r e deflated by th( 

costs and p r i ces of base period (I), then changes in the ra t ios can be 

in terpre ted as follows; 

We a r e comparing what the outputs of period II would have 
cost at the factor p r i ces and unit factor requ i rements of period 
I ( rea l output) with what they did cost in constant period I factor 
p r i c e s but at period II level of efficiency ( rea l input). 6 

In other words we a r e comparing the r e a l output of period II 

with what i t 'would have been if the period I level of efficiency had p r e ­

vailed. Thus, the inc rease or dec rease so determined can be at tr ibuted 

to changes in productivity. 

Total factor productivity is affected not only be technical changi 

or innovation, reflecting advanced know-how as brought to bear by the 

entrepreneur on the production p r o c e s s e s ; i t i s also influenced by var ia­

tions in the scale of production. The ra t e of utilization of capacity chie­

fly affects productivity over the business cycle since i t can be shown 

that for any combination of units of fixed capital found in a plant the re i s 

an optimum ra t e of util ization. Substantial depar tu res from this no rm 

will r e su l t in increas ing costs per pinit output thus affecting our measures 

5. Ibid. , p. 10. 

6. Ibid. , p. 11. 
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of productivity. If we base our analysis of productivity on es t imates for 

'key y e a r s ' (i. e. y e a r s of relat ively high economic activity), we can mi 

nimize the Effect of changing r a t e s of util ization. An al ternat ive method 

would be to use a moving average to eliminate the cyclical influence. 

Finally, it should be noted that by measur ing inputs in t e r m s oi 

their base period compensation, which under competitive conditions 

tends to approximate their marg ina l revenue productivity (i. e. , the r e ­

venue produced by the sale of the output at tr ibutable to the marg ina l 

factor), we a r e neglecting changes in the serv ices of immate r i a l capital 

accumulated in order to i nc rease the efficiency of r e s o u r c e s in future 

per iods . This immate r i a l capital consists mainly of the technical know­

ledge of individuals accumulated by investment in r e s e a r c h and educatiai 

and i ts se rv ices a r e manifested through the application of this newly 

acquired technical ability by individuals in productive activity, or through 

the ins t ruments of production. Since the measu remen t of the changes 

brought about by the application of this intangible capital would have to 

be approached in t e r m s of the savings in r e a l costs achieved through the 

application of g rea te r productive knowledge; then, the productivity index 

is the necessa ry f i r s t approximation to the measu remen t of the 'irissing' 

factor. 

To the extent that in ter industry differentials in factor remmme-

ra t ions ref lect differences in intangible capital and i t s se rv ices per unit 

of input, re la t ive shifts of factors towards higher paying indus t r ies r e ­

sult in an i n c r e a s e in r e a l input associa ted with the intangible investment 

requi red to adopt factors to m o r e productive u s e s . To this extent, our 

aggregate input es t imates do reflect increas ing quality of inputs. In 

other words , the weighting of manhours will catch some of this intan­

gible capital in the productivity es t imate for the 

L 
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manufacturing sector as a whole, since the labour in industries with high rates 

of pay are given more weight than that in low pay industries. However, the 

procedure of weighting is only a step in the right direction. All the labour 

within an industry is still assumed to be homogeneous. Perhaps more impor­

tant, broad advances in education are not taken into account because these very 

often are not directly related to the cost structure of the industry. Also, it 

should be noted that differences in labour quality are imperfectly measured by 

pay differentials, since these are influenced by such other factors as the non-

economic advantages and disadvantages of particular occupations, differences 

in the cost of living as between geographic areas, the relative bargaining power 

of particular trade unions, and uncompleted adjustments to changes in demand 

and supply. Therefore it can be said that the use of weighted measures of 

labour input will reflect the direction but not the degree of bias associated with 

changes in the quality of labour. 

4 . Uses and Limitations of Productivity Estimates. 

Productivity measurement can serve as an aid in wage and price deter­

mination. The question of how to share the fruits of production between labour, 

management and the consumer, has for a long time been a central issue of 

economic and political thought. Both labour and management want an equitable 

share of the fruits of the productive process, but views as to what constitutes 

'equitable' differ widely as between employer and employee. Wage bargaining 
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and collective bargaining is usually fought more on the basis of strength than on 

the basis of economic principles, although economic arguments have been quoted 

by both sides in support of their case. Nonetheless, an objective guidepost is 

usually missing. 

Gradually it has come to be realized that the results of wage bargaining 

have deep effects on the general economic conditions, and extend far beyond the 

two bargaining parties, mainly by affecting the price level and thereby the 

consumer's real income. As inflationary pressures became more pronounced 

in the postwar period, the need for an effective guide, which would help the 

bargainers attain their goals without contributing significantly to inflation, 

became more evident. For if inflation should result from excessive wage 

demands, acceded to by management under pressure, both sides might lose on 

the one hand what they had gained on the other. In this regard it was of lesser 

significance wether most price increases had been caused by demand-pull or 

cost-push factors. 

Attention was focussed upon productivity as a possible solution. 

Firstly, increased productivity is the reason for the existence of an additional 

piece of economic pie that can be divided between labour, entrepreneur and 

consumer. Secondly, it was held by some economists that in the long run the 

increases in real hourly wages were closely related to output per man-hour 

measures of productivity. 
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In the light of these considerations the idea of using productivity esti­

mates to indicate to what extent wages could increase without having inflationary 

consequences appeared attractive. The first intentional use of this approach 

was built into the 1948 collective agreement signed by General Motors of Canada 

Ltd., allowing for an 'annual improvement factor' which was closely tied to the 

long-term rate of growth of productivity. During the Korean War period many 

other collective agreements included various kinds of escalator clauses, partly 

tied to productivity. Unions are generally in favour of using productivity as a 

guide in bargaining, but they strongly oppose any rigid formula because that 

might imply their acceptance of a fixed labour-share of the national product. 

In view of the detrimental effects of inflation, governments have also 

taken an interest in the relationships of productivity to wages, prices and em­

ployment. In his 1959 report, President Eisenhower stated that: 

The terms of agreements reached between labour and 
management in wage and related matters will have a critical 
bearing on our success in attaining a high level of economic 
growth with stable p r i c e s . . . Increases in money wages and 
other compensation not justified by the productivity performance 
of the economy are inevitably inflationary. 

5 U .S . , National Archives and Records Service, Public Papers of 
the Presidents: Dwight D. Eisenhower 1959, p . 118-119. 

U N I V E R S I T Y OF O T T A W A - SCHOOL OF G R A D U A T E STU DIES 



U N I V E R S I T E D O T T A W A E C O L E DES GRADUES 

THE SIGNIFICANCE OF PRODUCTIVITY 12 

Statements of this nature have been repeated year after year. Presiden 

Kennedy's 1962 report referred to the 'Guideposts' for non-inflationary wage 

increases, prepared by the Council of Economic Advisers. The new 'Guideposts 

permitted more latitude and they recognized that in a free economy, wages, 

profits, and relative prices have a function to perform in the movement of 

labour and capital from one industry or sector to another. This meant that the 

basic direct relationship between wages and productivity must, therefore, be 

modified by a number of provisos. 

Critics of the 'Guideposts' and of any other similar use of productivity 

ratios for collective bargaining, point out that such rules freeze the workers' 

share of national income and may result in wider fluctuations in labour cost 

and business cycles. The critics also emphasize that the increase in output 

per man-hour may have been caused by factor substitution and that in fact there 

is no extra pie to divide. Some of these objections can be answered by devising 

more appropriate productivity measures which will allow for factor substitution 

and by using trend values rather than year - to - year estimates as guides, 

thus eliminating some of the cyclical influences. 

In conclusion, we may say that the use of productivity measures in 

wage bargaining serves an important purpose, by providing a general guide as 

to the total combined real net gain in wages, profits and prices at the national 

level. But productivity measures only show how much bigger the pie i s , not 

how it should be divided. 
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Productivity and Competition 

Our competitive position in the international market will depend to a 

great extent on the price and related cost of our products as well as their 

quality. Relative productivity, being a major cost determinant, is therefore a 

major factor of our success in foreign trade. 

In this regard, the question is often asked how Canadian producers, 

with their high wage rates, can compete in countries that have low wage rates 

or with products originating in these countries. The question is not a simple 

one but discussion of some relevant factors may throw some light on a possible 

solution. Firstly, wage rates are not equal to unit labour costs. If our pro­

ductivity is high, the unit labour costs will be relatively low, even when wages 

are high. Secondly, labour costs may not be a large part of total costs. In 

summary, high wages do not necessarily put us into an unfavourable competitive 

position. Thus, the nation as a whole must try to produce those goods in which 

its productivity is higher than in other industries compared to its international 

competitors. This implies a gradual shift towards specialization in our more 

productive industries along with generally higher real wages and increasing 

standard of living. In this way we can import those goods where our comparative 

advantage, taking account of both our resources and our productivity, is smalles ; 

while on the other hand, in industries where we are highly productive, we should 

be able to compete even in low-wage countries. 
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At the level of the f i rm, a lack of success in<competir±g with 

foreign products should lead management to take a closer look at their 

productivity, par t icular ly if other domestic competi tors a r e able to con 

pete internationally. 

Individual f i rms a r e beginning to make use of productivity e s ­

t imates as a management tool. This growing awareness of productivity 

at the company level i s being expressed through comparisons with the 

h i s to r ica l r eco rd or with the performance of s imilar f i rms in other 

countr ies . These comparisons can also be made between individual 

plants with a single company and revea l unfavorable t rends before they 

become evident in the financial s tatements and they may point to poss i ­

ble solutions. 

Productivity and Economic Growth 

Pe rhaps the mos t convincing reason that productivity measure ­

ment should be a centra l i s sue of any study of economic growth, i s that 

his tor ical ly most of the inc rease in the output of the economy originated 

from i n c r e a s e s in productivity. The r ea l national product can grow on 

account of th ree causes: m o r e persons employed, more hours worked 

and m o r e output per unit input. Since, according to American data, the 

effect of the growth of the employed labour force was largely offset by 

the shortening of the working hours , the whole additional per capital 

r ea l output was due to increased productivity. 
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It is therefore natural for students of economic growth to turn to 

measures of productivity to obtain assistance and information on such matters 

as the rate of growth and its determinants. Such information can then be used 

to explain past experience and is of material aid in projecting future develop­

ments. 

Limitations 

Certain limitations on the use of productivity measures 
must also be noted. Such measures are not precision tools 
of analysis, but are subject to unknown and probably not 
inconsequential margins of er ror . Their meaning must be 
interpreted carefully in the light of knowledge as to their 
construction... They are clearly not 'all-purpose' indexes, 
but must be used in conjunction with other measures in order 
to assess progress in the broader realms of social and economic 
efficiency as contrasted with the narrower realm of technolo­
gical efficiency. 

Since productivity indexes are subject to error and are sometimes 

errat ic, users of these measures should be cautioned against attaching great 

importance to small changes in the estimates especially when these are mea­

sured on a year to year basis. In these matters it is wise to limit analysis to 

trend values where due consideration has been given to the choice of appropriate 

6 Kendrick. loc. c i t . , p . 17. 
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base y e a r s . The use r of such es t imates would also give a g rea t deal of 

attention to the concepts used in their construction so as not to a r r i v e 

at fallacious inferences of causality. 

U s e r s of productivity m e a s u r e s mus t guard against confusing 

productivity with production or capacity m e a s u r e s . Total factor p ro ­

ductivity indexes provide a m e a s u r e of the effectiveness with which the 

factors of production a r e being used as of a point of t ime or over a 

period of t ime, but they do not provide information on the potential 

efficiency of these same r e sou rce s under conditions of optimum use 

and allocation. This then explains the emphasis that has been placed on 

the remouval of cyclical influences which account for mos t of the wastes 

involved in lapses from full employment posi t ions. 

Measures of productivity do not provide an index of 'economic 

efficiency'. Economic efficiency, according to Tibor Scitovsky, i s 

production which conforms with the community' s wishes while techno­

logical efficiency is "the achievement of the g rea tes t possible output 

with given means or the achievement of given output with smal les t - - > 

m e a n s " . ° 

9 Tibor Scitovsky, Welfare and Competition, (Homewood, 
I l l inois , Irwin, 1951), p. 148. 
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Therefore total factor productivity will not yield us any infor­

mation on whether or not the var ious factors of production a r e being 

employed in an optimum fashion from the point of view of 'economic 

efficiency'. 

Changes in economic efficiency affect productivity m e a s u r e s 
only indirect ly. Over long per iods in a dynamic economy with as 
much economic freedom and mobility as preva i l s in the United 
States , the gains to be rea l ized from tightening up economic 
efficiency a r e probably minor compared with those that acc rue 
from inc rea se s in technological efficiency, which a r e p r imar i ly 
ref lected in the productivity m e a s u r e s . *0 

Never the less , a continuing awareness of economic efficiency 

and the fostering of policies designed to promote economic efficiency 

r ema in impor tant objectives. 

10 Kendrick, loc. cit. , p. 18. 
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OUTPUT 

Hi this chapter, the concepts underlying the estimates of real output 

used will be discussed with a view to illustrating some of the problems and 

limitations associated with the chosen measure. Alternate measures of output 

will be compared in order to arrive at the most suitable measure of output for 

the purpose at hand. Finally, the growth of real output in the manufacturing 

sector will be discussed, and this analysis may well prove useful when the input 

estimates are treated. 

1. Alternative Measures of Output. 

One of the most familiar measures of output is that given in the Nationa] 

Accounts, i . e . , Gross Domestic Product at Factor Cost. Estimates of G.D.P. 

are given in official Dominion Bureau of Statistics publications. Each sector's 

contribution to the domestic product is arrived at by adding together the rewards 

of the factors of production employed in that sector. Output as measured by 

G.D.P. excludes the indirect taxes less subsidies applied to the products of that 

sector and also excluded, by convention, is the depreciation on capital employed 

in that sector. 

A second measure of output is that of net value added as defined in the 

census of industry. Here the output of manufacturing industries is defined as 

the difference between the value at current market prices of the goods and 

services produced in the current period, less the value of intermediate inputs 
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measu red at cur ren t costs . Thus, the m e a s u r e of output in the 

Canadian census of industry is essentially a m e a s u r e of the value added 

to the in te rmedia te ma te r i a l and service inputs by the application of 

labour, en t repreneur ship, capital and a few se rv ices . Net value added 

as expressed in the census of industry includes the depreciat ion on 

capital as well as such in termediate serv ices as adver t is ing, insurance 

and t ranspor ta t ion. This m e a s u r e of output i s expressed in cur ren t 

dol la rs and thus ref lects cur ren t p r i ce s . 

The third m e a s u r e of output to be examined is the index of 

indust r ia l production which has been published in Canada since 1935. 

The original index covered only the power, mining and manufacturing 

indus t r ies . Recently the index of industr ia l production has been expan­

ded to include the output originating in fores t ry , fishing and trapping, 

construction, agr icu l ture , t ransportat ion, s torage and communication, 

finance, insurance , r e a l es ta te , wholesale and re ta i l t r ade , public ad­

minis t ra t ion and defence, community, business rec rea t ion and personal 

serv ice indus t r ies . The objective of the index of indust r ia l production 

is to m e a s u r e , in r e a l t e r m s , the change in the volume of output of an 

industry, output being defined as the difference between the value of 

goods and se rv ices produced and m a t e r i a l s , fuel, power and the se r ­

vices of adver t is ing, insurance and t ransporta t ion purchased. The re ­

fore f rom the conceputal viewpoint, the index of indust r ia l production 
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should include depreciat ion and exclude indirect taxes , subsidies, 

serv ices as well as other in termedia te inputs purchased from other 

indus t r ies . In p rac t i ce , i t i s not possible to exclude intermediate 

service inputs in this way because the basic data is lacking. Other 

difficulties assoc ia ted with this m e a s u r e will be discussed below when 

this m e a s u r e is t r ea ted in detail . 

The adequacy of the m e a s u r e s of output descr ibed depends 

p r imar i ly on the use to which they a r e put. The aforementioned output 

es t imates will now be d iscussed with r e spec t to a few important charac­

t e r i s t i c s . 

Ideally, any m e a s u r e of output should provide information for 

a fairly detailed breakdown of indust r ies and their components. The 

output of an industry as measu red by national income accounts does not 

mee t these r equ i rement s . The indust r ia l contributions to national in­

come as published in Canada a r e available only for broad sectors of the 

economy; for example, and this is par t icular ly relevant in this study, 

no breaRdown of the manufacturing sector is provided. Output measures 

defined as net value (addedRecording to the census of industry) and 

those defined by the indexes of industr ia l production provide very fine 

breakdowns for the manufacturing sector but this is not necessar i ly true 

for all other sec to rs of the economy. 

For the purposes of this thes is it is des i rable that the m e a s u r e 

of output uti l ized be in r e a l t e r m s and thus insensi t ive to changes in the 

general p r i ce level. If this r equ i rement were not met then a decline in 

the purchasing power of a monetary unit, e. g. the dollar , might be mis­

construed as a growth in output. This requ i rement can only be me t if 

the m e a s u r e of output i s expressed in physical units or constant : \ " . : z. 

dol la rs . Industr ia l 
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contributions to national income are, as we have stated earlier, measures of 

output in terms of the income generated through the creation of that output. 

It is almost as difficult in practice as it is in theory to deflate 
a series of income figures. Presumably it would not make much 
sense to seek to measure output with series of income figures 
corrected for changes in the prices of goods a consumer buys. On 
the other hand, if we seek to deflate figures of income received by 
each factor of production, we find that while we have rather obvious 
deflators - wage and salary rates - for the income of wage earners, 
the selection of deflators for profits, rent rates and interest receipts 
is much more difficult. -*• 

Net value added, as defined in the census of industry, measures output 

in current dollars. 

It is almost impossible to correct this measure for price 
change as it includes a complex of incomes, depreciation and 
payments for other business services. 

The index of industrial production by virtue of its construction, is 

independent of price changes. It is a volume index weighted according to the 

prices prevailing in the chosen base period. However, this measure of output 

is affected by the changing structure of prices since products with relatively 

high unit prices in the base year get correspondingly high weights in the index. 

1 Wm. C. Hood and Anthony Scott, Output, Labour and Capital in the 
Canadian Economy, Royal Commission on Canada's Economic Prospects, 
(Ottawa, Queen's Printer, 1957), p . 205. 

2 Ibid., p. 205. 
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Therefore, if the price structure for certain commodities undergoes fairly 

drastic changes this can have marked effect on the validity of the measure of 

output. 

The measure of output chosen must also take account of changes in 

inventories since profits and losses on inventories cannot be regarded as output. 

When the output of an industry is measured by its contribution to national income 

profits for the industry will include inventory profits unless a specific adjustmen 

is made for their exclusion. In the National Accounts such adjustments are mad< 

only with respect to grain stocks. 

Net value added as defined by the census of industry and the index of 

industrial production also require such adjustments since they are constructed 

using data based on the value of factory shipments. Such adjustments, as are 

possible, are made in the case of the index of industrial production. 

In summary, output as measured by Gross Domestic Product is inade­

quate for our purposes because it is almost impossible to express it in constant 

dollars, it is not available in a fine industrial breakdown and because this 

measure lacks an inventory valuation adjustment. 

Output as measured by net value added is also inadequate for our 

purposes since it uses current prices and is therefore highly sensitive to price 

fluctuations. This measure is also very difficult to express in real terms 

using available deflators. 
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The indexes of industrial production are available for a detailed 

industrial breakdown and are independent of price fluctuations. This measure 

of output is attractive for our purposes because it is a volume measurement and 

is based on the same sources as the input measurements. Although these 

indexes are defficient in many respects, as will be seen later, they are nonethe­

less the best of the three measures thus far explored and very considerable use 

will be made of them. 

2. GDP at Factor Cost. 

In developing estimates of overall physical output of goods 
and services by industry, the objective is to measure the 
concept of Gross Domestic Product at Factor Cost. In National 
Accounts terminology, this is equal to Gross National Product 
at Market Prices less indirect taxes, plus subsidies and adjusted 
for interest and dividends paid to and received from non-residents. * 

On an industry basis what is being measured is the output of industries 

located in Canada, not the output of factors resident in Canada, hence domestic 

product rather than national product. Gross domestic product can be derived 

3 Canada, Dominion Bureau of Statistics, Revised Index of Industrial 
Production, 1935-1957, (Ottawa, Queen's Printer, 1959), p . 12. 
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from gross national product by subtracting factor shares received by Canadian 

residents from foreign countries and by adding factor shares paid to non-resideni s. 

In measuring the contribution of each industry to gross domestic 

product the objective is to show the allocation of total resources in the process 

of production. However, if taxes and subsidies are not excluded they will tend 

to distort the relative contribution of industry factors of production. Moreover, 

it is desirable to make industry weights invariant to any changes in indirect 

taxes and subsidies especially since the weighting system is fixed for the period 

under review. This therefore is the rationale for using the concept of factor 

cost rather than market price. Gross domestic product at factor cost equals 

gross domestic product at market prices less indirect taxes plus subsidies. 

The inclusion of capital cost allowances makes the concept of Domestic 

Product 'gross ' . If these allowances are subtracted the product is said to be 

'net' since it is measured after allowance has been made for the replacement of 

the capital used up in the process of production through wear and tear and 

obsolescence. 
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Moreover, statistical difficulties involved in the seperate 
measurement of capital consumption allowances by industry make 
it more feasible to restrict the industry estimates to the gross 
concept rather than attempt to measure net product originating in 
each industry. ^ 

The inclusion of capital cost allowances in the output estimates precludes the 

use of a net concept of capital stock in the denominator of the productivity ratio 

because this would tend to produce an upward bias in our productivity estimates. 

The derivation of G.D.P. at factor cost in current dollar terms, at the 

industry level, can be effected in two different ways. It can be arrived at by 

summing the factor costs and capital consumtpion allowances of each industry 

or it may be derived by subtracting intermediate input costs from the industry's 

gross value of output. In the industry approach to G. D. P . as measured in 

constant dollar terms, it is impossible to use the first method since deflators 

for such factor inputs as profits and other investment incomes are not available. 

Thus, for purposes of deriving constant dollar industry indexes, 
the most feasible approach to the desired measure is through the 
subtraction of intermediate material and service inputs valued at 
base period prices from total or gross output also valued at base 
period prices. 5 

4 Ibid., p . 12. 

5 Canada, Dominion Bureau of Statistics, Indexes of Real Domestic 
Product by Industry of Origin, 1935-61, (Ottawa, Queen's Printer, 1963), p . 37. 
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In the industry of origin approach the ideal situation would be 

one where it would be possible to t r ace , on an industry-by- industry 

bas i s , the value added to par t icu lar commodities or se rv ices . Howevei 

since mos t indus t r ies produce a complex of products and serv ices and 

that individual plants a r e so organized that many in termediate inputs 

cannot be assigned to specific products or p roces se s then this ideal 

method of calculating G. D. P . is not feasible. This data limitation 

dictates that g ross domestic product at factor cost can only be m e a s u r e s 

at the industry level. 

Ideally r ea l net output should be measured by deducting from 

r e a l g ross output the value of the in termedia te ma te r i a l and service 

inputs expressed in r e a l t e r m s . These es t imates could then be express 

ed in index form and base weighted according to the indus t ry ' s contri­

bution to G . D . P . in the base yea r . In p rac t ice , in Canada, s t r ic t 

adherence to this ideal has been precluded by data l imitations and 

severa l types of indicators were used to approximate r ea l output. The 

types of indicators used and their importance in the index of manufac­

turing production a r e set out in Table I. 
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TABLE I 

TYPES OF INDICATORS 

INDEX OF MANUFACTURING PRODUCTION 

Percentage share 
of G . D . P . 

originating 
in 

1949 

Type of annual or bench-mark index: 

Net output 44 .2 

Gross output 28.7 

Gross value deflated 12. 2 

Materials used 8.8 

Mater ia ls deflated 4 . 3 

Employment 1.8 

Source: Revised Index of Industrial Production, 1935-1957, 
Dominion Bureau of Stat is t ics, p . 25. 
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Each of the above indicators will be briefly descr ibed below. 

Additional information on the use of these indicators by industry groups; 

and sub-groups is available in the Revised Index of Industr ial P roduc­

tion, 1935-1957, Dominion Bureau of Stat is t ics , (Ottawa, Queen's 

P r i n t e r , 1959), and in the Indexes of Real Domestic Product by Industry 

of Origin, 1935-1961, Dominion Bureau of Stat is t ics , (Ottawa, Queen's 

P r i n t e r , 1963). 

Net Output 

The volume of Gross Domestic Product originating in each 

industry is considered to be the ideal m e a s u r e of output for the purpose 

at hand. However at p resen t data difficulties preclude the development 

of such a se r i e s although much effort i s being expended in the develop­

ment of close approximations. The concept which at p resen t most 

closely approximates the concept of G. D. P . originating is 'value added, 

In order to m e a s u r e 'value added' data on both the quantity and 

value of final products , ma te r i a l s used, and fuel and electrici ty consu­

med a r e requi red . These s ta t is t ics a r e collected by the Census of 

Manufacturing for a considerable number of indus t r ies . 

I 
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Each of the above indicators will be briefly described below. Additiona 

information on the use of these indicators by industry groups and sub-groups is 

available in the Revised Index of Industrial Production, 1935-1957, Dominion 

Bureau of Statistics, (Ottawa, Queen's Printer, 1959), and in the Indexes of 

Real Domestic Product by Industry of Origin, 1935-1961, Dominion Bureau of 

Statistics, (Ottawa, Queen's Printer, 1963). 

Net Output 

The ideal measure of output for each industry is the volume of G. D. P . 

originating. As explained previously, it is not at present possible to develop 

such series perfectly although much effort is being expended in the development 

of close approximations. The indicator which comes closest to measuring the 

concept of G.D.P. originating is 'value added'. 

The measurement of 'value added' requires statistics on both the 

quantity and value of products, materials used, and fuel and electricity consu­

med. These data are collected by the Census of Manufacturing for a conside­

rable number of industries. 
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The technique of measur ing 'value added' 

. . . consis ts of subtracting from the volume aggregates of 
production (quantities valued at base -yea r pr ices) the volume 
aggregates of m a t e r i a l s , fuel and electr ic i ty . This procedure 
e l iminates duplication in that double counting ar is ing from the 
t ransfer of commodities between establ ishments in the same 
industry i s cancelled out. ° 

The concept of 'value added' differs from that of G. D. P . originating 

in that in te rmedia te service inputs a r e not excluded. This lack of 

adjustment i s not thought to be ser ious since it i s assumed that they 

a r e usually proport ional to gross value of output. Such an assumption 

may not be unjustified when we consider that the methods of production 

in the severa l f i rms making up an industry a r e quite s imilar for the 

majori ty of their products . 

Gross Output 

In those ins tances where data l imitat ions preclude the construe 

tion of 'net ' indicators the best a l ternat ive l ies in the use of ' g r o s s 

output'. In the use of such an indicator to r ep re sen t work done much 

care mus t be taken to account for changes in the method of production. 

For example, if the methods of production in a par t icular industry a r e 

a l te red to include m o r e process ing then the output would be 

6 Dominion Bureau of Sta t is t ics , Revised Index of Industr ia l 
Product ion, 1935-1957, p. 23. 
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unders ta ted un less appropr ia te allowances were made. Quite often this 

problem can easily be remedied by increas ing or decreasing the weight 

given to that par t icu lar industry in the construction of the index. 

Mater ia l s Used 

In those cases were production s ta t is t ics a r e not available or 

prove to be unusable another a l ternat ive indicator of the volume of net 

output •which may be used is the volume of ma te r i a l s consumed. As in 

the case of g ros s output much care must be taken to account for changes 

in the methods of production since much al tera t ions will invalidate the 

proport ionali ty upon which the use of these indicators depends. 

Values Adjusted for P r i c e Changes 

Again where adequate data a r e not available for the preperat ior 

of any of the aforementioned indicators we may r e s o r t to using the value 

of m a t e r i a l s deflated directly by an index of p r i ce s or cost of productior 

This indicator mus t also be guarded against changes in the methods of 

production. If appropr ia te p r ice indexes a r e unavailable cost of p r o ­

duction indexes can be used. 
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These a r e a r r ived at by: 

. . . combining unit value indexes of available ma te r i a l s i t ems 
with average hourly earnings of production workers 
according to the re la t ive importance of each factor in the base 
per iod a s determined by total value of ma te r i a l s and total wages. ^ 

The indexes so derived a r e used to deflate the total value of production 

in each industry. These indexes a r e not very satisfactory since no 

allowance is made for changing profit marg ins or for any costs other 

than labour and m a t e r i a l s . In addition the s ta t is t ics available a r e not 

always represen ta t ive of the total and therefore very l i t t le use is made 

of these indicators in the prepera t ion of the indexes. 

EMPLOYMENT 

In a few indus t r i es , the only available means of obtaining an 

approximation of the volume of output is through the use of man-hours 

worked. The major disadvantage of this technique is that i t does not 

ref lect any changes in labour productivity. This deficiency can in some 

cases be al leviated by applying the productivity i nc reases of s imilar 

indus t r ies to those where i t was not available. Indexes constructed in 

this manner account for less than two per cent of the overal l manufac­

turing index. 

7 Ibid. , p. 24. 
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In summary, once the volumes of output were arrived at using one of 

the various techniques described they were employed in the preperation of 

base-weighted industrial production indexes. The weight applied to each 

industry and industry sub group, by the Dominion Bureau of Statistics, were 

determined by their contribution to Gross Domestic Product at factor cost in 

the base year, (1949). Complete information on the concepts and methods 

underlying these indexes is available in the Dominion Bureau of Statistics 

publication Revised Index of Industrial Production, 1935 - 1957, and Indexes 

of Real Domestic Product by Industry of Origin, 1935 - 1961. 

3 . Changes in Quality and Product Mix. 

In an attempt to isolate quantity and price movements the problem of 

quality change must be dealt with. Quality changes, which in a production index 

are expressed as quantity changgs, appear in many forms. As one example of 

quality change consider a series showing the number of automobiles produced. 

This number series can hide any structural changes which have occured such 

as a shift from 'compacts' to luxury models. These changes can be reflected 

in an output measure through the deflation of the value of the output by a 

currently weighted price index, i . e . , by a price index which takes account of the 

shifts in demand for the various types of a given commodity. 
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A quality change which is the resu l t of a modification in the 

component p a r t s of the product cannot be handled as easily. A 1967 

television set, for example, has a sharper image, more automatic 

features and i s generally a more efficient ins t rument than i t s 1958 

counterpart . 

At D. B. S. a m e a s u r e of quality change is attempted 
by adopting a convention: a comparison i s made of the 
d i rec t cur ren t period quantities of both labour and ma te r i a l s 
inputs of the new model with that of the old. 8 

If the p r i ce of the 1967 television coincides with that of the 1958 televi­

sion using the convention, then it can be assumed that there has been 

no change in p r i ce but the i nc rease in value is the resu l t of a change 

in quality. 

The major problems associated with changes in quality s tems 

from the fact that sufficient information is not available in many cases 

and therefore the aforementioned adjustments cannot be made. There 

a r e other a r e a s of quality such as changes in servicing contracts , 

changes in design, and ma te r i a l savings associated with a more com­

pact product , which cannot be quantified on a s ta t is t ical bas i s . 

8 Dominion Bureau of Sta t is t ics , Indexes of Real Domestic 
Produc t by Industry of Origin, 1935-61, p. 41. 
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It should be clear from the above . . . that quality change 
is one of the mos t difficult p rac t i ca l and coneeputal problems 
encountered in quantity and p r i ce measu remen t s . Certainly 
any solution to this genera l p rob lem can only be a rb i t r a ry and 
based on some convention. ' 

4. Analysis of Growth of Output. 

The period covered by the p resen t study was generally one of 

sustained indust r ia l expansion. Indicative of this sustained i nc rea se , • 1 

the volume of indust r ia l production grew by 121 per cent in the las t 

two decades. 

The end of World War II made i t ,necessary for Canadian indus­

try to reconver t their productive facili t ies to peace- t ime production. 

This change was accompanied by a decline in output which did not 

extend beyond 1946. Following th is , output increased in order to 

satisfy the pent-up demands of both consumers for personal goods and 

p roducers for capital equipment. The outbreak of host i l i t ies in Korea 

in 1950 only served to strengthen the demand for consumer and durable 

goods. 

In 1953, the signing of the a rmis t i ce saw defence expenditures 

decline with a consequent dec rease in manufacturing aci t ivi t ies . 

9 Ibid. , p. 44. 
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At this point stimuli usually associated with longer term demand 
influences, such as resource investment, housing requirements and 
an expanding population became more evident, resulting in a rapid 
recovery; Manufacturing output expanded by 18 per cent between 1954 
and 1956. 1 0 

During the period 1957-60, the growth of output in the manufacturing 

sector was moderate, with some years showing actual declines. With the advent 

of the 1961 expansionary phase, the manufacturing sector recorded substantial 

gains in its output performance, hi 1962, manufacturing production rose by 

nearly 10 per cent over 1961. To date, the upward trend begun in 1961 has 

continued virtually without interruption. 

As illustrated by Chart I, all industry groups did not share equally in 

this advance in manufacturing output. Among those showing the largest gains 

were the petroleum and coal products industry (237 per cent), the non-metallic 

products industry (206 per cent), the electrical apparatus and supplies industry 

(166 per cent), and the chemical products industry (152 per cent). These 

industries were closely associated the rapidly growing resource-development 

and capital investment programmes that characterized this period. 

Those industries which exibited only moderate growth (50 per cent to 

100 per cent), ranked in order of size of increase, are as follows: 

10 Ibid., p . 23. 

U N I V E R S I T Y OF O T T A W A SCHOOL OF GRADUATE S T U D I E S 



U N I V E R S I T E D 'OTTAWA ECOLE DES GRADUES 

OUTPUT 36 

miscel laneous manufacturing indus t r i es , tobacco products indus t r ies , 

the printing and publishing industry, the paper products industry, the 

non-fer rous meta l products industry, the i ron and steel products 

industry, the t ranspor ta t ion equipment industry, the rubber products 

industry, and the wood products industry. Those showing the smal les t 

gains were the foods and beverages industry, the textiles industry, the 

clothing industry, and the leather products industry. This latter indus­

try showed li t t le or no gain over the period. 

The pos t -war period was charac ter ized by four major expan­

sions. The f i r s t was based on satisfying the needs of the war -devas ­

tated countr ies . The second was based on the demand created by the 

outbreak of the Korean War and on stock-piling requi rements at home r-

and abroad. The third was the investment boom of the mid-fifties whicl 

•was based on raw m a t e r i a l s exploration and development. The las t 

surge in demand and production was that which had i ts beginning in the 

lat ter pa r t of 1961 and which has extended itself to the present . This 

lat ter expansion has yet to show any signs of abatement. 

These strong demand influences combined to make most of the 

period one of fairly rapid and sustained growth. Along with the increa* 

ses in total final demand there were also shifts in the composition of 

demand, as evidenced by Table II, which affected the output of var ious 

indus t r ies . Impor t s , over the 
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TABLE II 

PERCENTAGE DISTRIBUTION OF GROSS NATIONAL EXPENDITURE 
(Selected Years) 

1946 1949 1953 1956 1959 1961 1964 

Personal Expenditure 67.8 66.8 62.4 61.6 64.7 65.8 62.6 

Durables 
Non-durables 

Services 

Government Expenditure 

Business Gross Fixed Capital Formation 
New residential construction 
New non-residential construction 
New machinery and equipment 

Exports 

Imports 

5.0 
40.8 
22.0 

15.2 

11.7 

3.1 
3.7 
4 .9 

27.1 

24.6 

7.0 
38.5 
21.3 

13.0 . 

18.6 

4 .9 
5.6 
8.1 

24.6 

-23.6 

8.0 
32.8 
21.6 

17.7 

20.0 

4.7 
6.9 
8.4 

21.6 

-23.5 

8.0 
31.8 
21.8 

17.6 

22.2 

5.0 
8.5 
8.7 

20.8 

-25.2 

7.7 
32.5 
24.5 

18.6 

19.8 

5.0 
7.4 
7.4 

19.2 

-23.4 

7.3 
32.9 
25.6 

19.5 

17.6 

3.9 
7 .2 
6.5 

20.6 

-23.0 

7.6 
30.5 
24.5 

18.3 

19.1 

4 . 3 
7 .1 
7.7 

22.2 

-23 .1 

o 
H 
c 

Source: National Accounts, Income and Expenditure, 1926-1956 and 1964. 

- 3 



U N I V E R S I T E D O T T A W A ECOLE DES GRADUES 

OUTPUT 38 

per iod, re ta ined roughly the same share of G. N. P . , while expor ts , as 

a percentage of expenditure of G. N. P . , declined from 27. 1 per cent in 

1946 to 20. 6 per cent in 1961. 

This "would appear to be an indication of the growing importanc ; 
of domest ic marke t as an outlet for the products of Canadian 
industry. H 

Although the impor tance of personal expenditure declined slightly over 

the per iod, it i s of in te res t to note that consumer expenditures have 

shifted their emphasis from non-durables to durable goods and se rv ices 

The inc reased importance of the durable goods and serv ices expenditure 

ca tegor ies may be the resu l t of the increased affluence of the population 

and of a shift from r u r a l towards suburban living. This lat ter factor 

can be very influential in the demandfsbr such consumer durables as 

automobiles , furniture and appliances which have claimed a la rge share 

of the inc reased output over the period. 

Strong gains were also made in the a rea of government expen­

diture and business gross fixed capital formation. The gains experien­

ced in this la t ter category were accounted for, in la rge pa r t , by the 

inc reased expenditures on new-non-res ident ia l construction and new 

machinery and equipment. 

11 Ibid. , p. 20. 
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Economic Fluctuat ions, 1946-1964 

As mentioned ea r l i e r , the pos t -war period has been marked by 

th ree major production cycles . 

The downward phases of these cycles extended from the 
third quar ter of 1953 to the second quarter of 1954 for the 
f i r s t cycle; from the fourth quar ter of 1956 to the fourth 
quar te r of 1967 for the second cycle; and from the f i rs t 
quar te r of I960 to the f i rs t quar ter of 1961 for the third 
cycle. The expansionary phase of the f i rs t cycle extended 
from the third quar te r of 1954 to the fourth quar ter of 1956, 
while that of the second cycle lasted from the f i rs t quar ter 
of 1958 to the f i r s t quar ter of I960. 12 

In the th i rd cycle, production began to expand during the second quar ter 

of 1961 and has extended itself to the p resen t virtually without in ter ­

ruption. 

Within the manufacturing sector , the t rade cycles previously 

descr ibed have had varying effects on the constituent indus t r ies . These 

effects range from pronounced cyclical pa t terns through i r r egu la r 

behavior to relat ively smooth and sustained expansion. Those industr ie s 

with pronounced cyclical pa t te rns would exert considerable influence 

on the ampli tude, timing and duration of the cycle while those whose 

behavior was e r r a t i c would either accentuate or dampen the cycle. 

Those indus t r ies which exibited l i t t le cyclical activity could be expec­

ted to exer t a stabilizing influence. 

12 Ibid. , p . 27. 
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For analytical purposes it is essential that the manufacturing sector 

be broken down into the non-durable goods industries and the durable goods 

industries. It is evident from Chart II that the non-durable goods industries 

have exerted a stabilizing influence on the behaviour of the trade cycle. The 

relative cyclical insensitivity of non-durables can, for the most part, be traced 

to the predominance of such steadily expanding components as .foods and 

beverages. This behaviour pattern can be traced to the relative cyclical 

stability of non-durables in the personal expenditure category of G.N.E. This 

phenomenon can be taken as evidence of the fact that most consumers have 

proven themselves to be initially reluctant to accept any reduction in their basic 

standards of consumption in recessionary periods. The technique of drawing 

on savings to sustain a certain standard of consumption is limited by the 

availability of such savings and the duration of the recessionary phase. 

The durable manufacturing industries group has, on the other hand, 

exibited a strong cyclical pattern. Clearly, it is the durable manufacturing 

component that accounted for the pronounced cyclical pattern in total manufac­

turing. These patterns are illustrated in Chart III where it can be seen that 

the downturns in a few representative industries and in the aggregate measure 

of durable manufacturing correspond exactly to the recession phases of the 

economy, and thus tend to amplify the cycle. These trends may be traced to 

the cyclical sensitivity of personal expenditure on durable goods and of business 

expenditure on new machinery and equipment in G.N.E. It is also of interest 
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to notice the relat ionship which exists between the producer and his 

suppHers . An example of this i s apparent in Chart III. The s imilar i ty 

of output fluctuations between the t ransporta t ion equipment industry anc 

the steel industry indicates both their interdependence and their sensi­

tivity to general bus iness fluctuations. 
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CHAPTER IE 

LABOUR INPUT 

This chapter sets out the concepts, sources and techniques used in 

measuring labour input. This is followed by an analysis of the contributions 

which the various components of labour input make to create a given total output 

1. Concepts, Sources and Measures. 

The basic concept of labour input utilized in this thesis is that of 

labour time. This concept can be expressed in terms of hours worked or hours 

paid. Hours worked refers only to the actual time the workers spend in activi­

ties which contribute directly to the creation of the output. On the other hand, 

the hours paid concept includes all the time for which the worker receives 

remuneration, including holidays, vacations, sick leave, etc. 

From the standpoint of defining a purely physical relationship between 

output and input, man-hours worked would seem to be the most appropriate 

concept since it relates the physical output to a measure of the man-hours 

expended in its creation. Unfortunatly, the data required to present estimates 

based on this concept are not available for much of the period under considera­

tion. 

However, a case can be made for the use of the hours paid concept if 

we adopt the view that the employer, if he is to obtain the services of labour, 

must grant certain fringe benefits such as holidays, vacations, sick leave, etc. 
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If this position is adopted then costs which arise from the granting of fringe 

benefits can be considered as a legitimate part of aggregate labour input. 

Until comparatively recently, it seemed that the average annual 

employment and man-hours of production workers only could be taken as 

representative of the trend over a period of years in the labour input of most 

industries, since office staff and other non-production workers were comparative 

ly few in number and their relative importance changed only slightly. More 

recently, however, the proportion of non-production workers in the labour 

force has increased quite markedly. This change has generally been associated 

with the quickening pace of technological change and the growing importance of 

the marketing function, both of which have required the creation of large support 

staffs not directly engaged in production. In the light of the growing importance 

of this segment of the labour force it would seem advisable to include non-pro­

duction workers in the estimates of labour input. 

In productivity measures which relate output to labour 
input, the labour component should refer to all persons 
employed. Since the entire composite of an establishment's 
labour force contributes to the final output, whether in 
production or management, engineering and other "nonpro-
duction" activity, for general economic analysis it is 
conceptually desirable to relate output to all persons employed. * 

1 Canada, Dominion Bureau of Statistics, Indexes of Output Per 
Persons Employed and Per Man-Hour in Canada, Commercial Non Agricultural 
Industries, 1947-63, (Ottawa, Queen's Printer, 1965), p . 38. 
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For purposes of comparability, information on employment, wages, 

salaries, and hours was taken from the following Dominion Bureau of Statistics 

publications: General Review of the Manufacturing Industries of Canada, and 

Earnings and Hours of Work in Manufacturing. These publications were 

preferable since they are also the sources from which the respective output in­

dexes are constructed. This information is usually presented by sex, industry, 

geographic area, and by class of worker, i . e . , salaried and production workers. 

The General Review of Manufacturing defines salaried workers to include: 

All executives and supervisory officials such as presidents, 
vice presidents, secretaries, t reasurers, together with managers, 
professional and technical employees, superintendents and factory 
supervisors above the working foremen level and clerical employers. 
Working owners and partners are also included in this category. 2 

Production workers include all other factory workmen wtetea* paid on a monthly, 

weekly, hourly or piecework basis. Working foremen, doing work similar to that 

of the employees they supervise are included as are maintenance, warehousing 

and delivery staffs. Employees on new construction work and in retail or whole­

sale operations are excluded since they are covered in the construction industry 

or in the relevant service industry. 

2 Canada, Dominion Bureau of Statistics, General Review of the 
Manufacturing Industries of Canada, 1959, (Ottawa, Queen's Printer, 1962), 
p . 11. 
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The exclusion of employees engaged in new construction work should not affect 

the productivity estimates since the output attributable to their efforts is also 

excluded. 

Statistics on employment of salaried workers contained in the afore­

mentioned publications refer to a reported average for the year whereas those 

reported for production workers refer to an average of paid workers reported 

in each month of the year. 

Statistics on hourly earnings as well as hours worked per week are 

obtained from an annual survey in the last week of October covering the larger 

manufacturing establishments. Based on this survey and supporting monthly 

samples, weighted averages are computed for hourly and weekly earnings and 

for hours worked during the week. The annual and monthly surveys, from which 

information on earnings and hours are computed, cover establishments usually 

employing 15 or more persons and include almost 90 per cent of all employees 

reported to the Annual Census of Manufacturers. 

The above information suggests the possibility of two alternative 

methods of estimating, for each industry, total man-hours paid per year. The 

first of these is the 'pay deflation' method which consists of dividing total 

earnings paid out as reported to the Census of Manufacturers by the average 

hourly rate prevailing in that industry. Seperate calculations must be made 

for salaried and production workers because there usually exists a considerable 
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difference in the hourly rates of these two categories of workers. 

Although both methods yield estimates of paid man-hours per year, 

the 'pay deflation' method is considered to be more satisfactory than the 

'employment inflation' method because the former technique is based on account • 

ing records ot payroll as reported in the Census ot Manufactures while the lattei 

method is based on sample data. Since the accounting data represent informatio a 

obtained from each firm in the industry while the sample data cover only a • 

representative number of firms, it would seem, a priori, that the former 

should be more accurate than the latter. The 'pay deflation' method was 

adopted and used consistently throughout the period under review. 

Statistics on salaries and wages are available at the industry level 

from the Census of Manufacturers for the period 1949 - 1959. Prior to 1949, 

information relating to payrolls was collected without any distinction being 

made as between salaries and wages. For purposes of comparability it was 

therefore necessary to transform the data in such a way as to permit seperate 

calculations of salaried and production man-hours. The procedure followed 

was to take the average proportion of salaries to wages in the years from 1949 

to 1951 and to apply the result to the 1946-48 data, thus yielding seperate 

estimates of payrolls for salaried and production workers which could then be 

used to compute paid man-hour estimates for each group by industry. This 

method was employed because it was found that little variability existed in the 
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proportion of salaries to wages in the years from 1949 to 1951 and therefore it 

was assumed that the same behaviour could be expected in the 1946-48 period. 

In 1959, the Standard Industrial Classification, on the basis of which 

Census of Manufacturers data are compiled, was changed. This alteration 

necessitated that all the subsequently published data be converted to a 1948 

S.I.C. basis so as to ensure, in as much as it was possible, the comparability 

of the series. 

The changes in classification..., the addition of new 
industries and the transfer of industries from manufacturing 
to other sectors of the economy, make it extremely difficult 
to compare the manufacturing statistics compiled on the 
revised classification basis with those compiled on the old 
basis. 3 

In 1962, the definition of salaried workers was expanded to include: 

. . . employees engaged in activities such as advertising, 
credit collections, purchasing, personnel, legal, medical, 
etc. 

In addition the salaries of sales and distribution personnel were included in the 

new definition. 

3 Ibid., 1960, p . 15. 

4 Canada, Dominion Bureau of Statistics, Manufacturing Industries 
of Canada, 1962, (Ottawa, Queen's Printer, 1965), p . 43. 
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In order to obtain a comparable estimate of salaries for the period 

following this change it was necessary to deflate the published data. By com­

paring the 1961 salary statistics, for each industry, before and after the 

change in concepts, it was possible to arrive at an adjustment factor which 

could be applied to the data of subsequent years. 

Once values for paid man-hours were obtained for salaried and 

production workers they were transformed into index number using 1949 as a 

base year to be consistent with the indexes of output. The indexes of salaried 

and production man-hours were combined in such a way as to reflect the 

proportion of value added attributable to each category in each year. 

2. Employment, Hours and Renumeration of Labour. 

For the comparisons that follow, the relevant data are drawn mostly 

from the Dominion Bureau of Statistics publications, Earnings and Hours of 

Work in Manufacturing, and the General Review of the Manufacturing Industries 

of Canada. The behaviour of salaried employees and production workers will 

be analysed seperatly. 

Employment 

On the basis of the information presented in Table HI it can be seen 

that only a few industries showed substantial increases in the employment of 

production workers during the period. In fact, four industries recorded actual 
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declines in the number of production workers employed. However, quite the 

reverse is true for salaried employees, where most industries reported 

substantial gains. This trend towards an increased proportion of salaried 

employees is evidence of the growing importance of the marketing and 

managerial functions in modern industry. 

The proportion of the total labour force employed in the manufacturing 

sector has remained relatively stable over the period under consideration, 

though there have been some substantial inter-industry shifts in the distribution 

of employment. In the case of production workers, employment in the Tobacco, 

Rubber, Leather and Textile industries has declined while the Non-metallic 

Minerals, Miscellaneous Manufacturing, Printing, Paper and Electrical Appa­

ratus industries have shown substantial increases in the numbers of workers 

employed over the same period. In the case of salaried employees much the 

same behaviour is observable except that all industries recorded gains in the 

employment of this type of worker over the period. 

The differences in rates of increases of employment in both these 

categories of workers may be taken as evidence of the differing demand 

conditions prevailing in the various industries. These trends in employment 

may also be attributable, to some degree, to the changes in mechanization 

which took place in the various industries over the period under consideration. 
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The industries which exhibited substantial growth in the employment 

of salaried and production workers correspond generally to the group of 

industries which experienced the largest growth of output over the same period. 

The Tobacco Products and Petroleum and Coal industries did not conform to 

this pattern, for although they recorded substantial gains in output, their 

employment of production workers, over the period, remained relatively stable. 

In both cases, the increased output capacity is probably rooted in the high 

degree of mechanization or capital intensity which characterizes these industry s. 

Other inter-industry shifts in employment occured during the period in 

question. These relate to the growing importance of the salaried employee 

category in each industry. This trend is observable in each of the industries 

surveyed. 

Hours 

During the period 1948 to 1964, there was a widespread tendency for 

the length of the working week of salaried and production workers to decline. 

In the case of production workers the percentage decline varied from 2.1 per 

cent in the Miscellaneous Manufacturing industry to 11.0 per cent in the Paper 

Products industry. The decline in the length of the average work week for 

salaried workers was more pronounced and varied from 1. 2 per cent in the 

Electrical Apparatus industry to 8.7 per cent in the Non-ferrous Metals industry. 

The shortening of the work week modified the movements of total man-hours 
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TABLE III 

SELECTED STATISTICS FOR THE MANUFACTURING INDUSTRIES 
EMPLOYMENT AND OUTPUT 

1948-1960 

INDUSTRY 

Foods, Beverages 

Tobacco 

Rubber 

Leather 

Textiles 

%&ing^ 

Paper 

Printing 

Petrol and Coal 

Chemicals 

Miscellaneous 

Wood 

Iron and Steel 

Transportation 

Non Ferrous Metals 

Electrical 

Ian Metallic Minerals 

Change in 
employment 

of 
production 

workers 
% 

39 

* 17 

* 16 

* 6 

* 25 

5 

25 

34 

11 

19 

73 

10 

1 

1 

7 

20 

44 

Change in 
employment 

of 
salaried 

employees 
% 

92 

7 

27 

16 

48 

18 

84 

71 

132 

72 

204 

73 

67 

93 

53 

102 

137 

Proportion 
of 

salar ied 
workers to 

total 
employment 

1948 

16 

15 

19 

11 

11 

12 

14 

34 

23 

35 

17 

10 

17 

14 

18 

25 

15 

Proportion 
of 

salaried 
workers to 

total 
employment 

1960 

21 

19 

27 

14 

20 

13 

20 

40 

44 

45 

27 

15 

27 

25 

24 

37 

23 

Change in 
output 

% 

53 

89 

23 

17 

26 

11 

56 

58 

179 

130 

135 

35 

35 

28 

49 

97 

129 

* Decline 
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paid which nonetheless generally paralleled the behaviour of the employment 

data for both categories of workers. 

Remuneration of Labour 

The renumeration of labour in the manufacturing sector may be 

considered from two points of view: as a cost to industry and as earnings of 

its employers. As with regard to the former, what is the relative importance of 

labour costs in the industry and to what extent have these varied over the period 

surveyed? To the extent that salaries and wages paid can be taken as an 

approximation of total factor income, the ratio of these two magnitudes is a 

useful indication of the importance of labour costs. By implication such ratios 

are highly suggestive of the capital intensity of the industries concerned. 

From Table IV it can be seen that major changes in the proportion of 

salaries and wages paid to value added by manufacturing occured only in those 

industries which recorded declines in the importance of labour costs. Except 

for the Tobacco industry all declines in the importance of labour costs occured 

in industries which manufacture durable goods. On the other hand, the 

industries which exhibited relative stability in this area were largely industries 

engaged in the manufacture of non-durable goods. 

Table IV also gives estimates of the relative importance of labour 

costs in each industry, which, as mentioned earlier, are suggestive of the 

capital intensity which characterises each industry. This implied relationship 
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TABLE IV 

56 

SALARIES AND WAGES PAID AS A PERCENTAGE 
OF VALUE ADDED 

THE MANUFACTURING INDUSTRY 
1946-1960 

INDUSTRY 

Chemicals 

1946 
% 

33 

Non-metallic Minerals , and 
Products of Pe t rdeum and Coal 34 

Foods and Beverages 

Paper Products 

Non-ferrous Metals , and 
Electr ical Apparatus and 

Supplies 

Tobacco, Rubber, and Leather 
Products 

Miscellaneous Manufacturing 

Iron and Steel Products 

Textile Products 

Print ing, Publishing and 
Allied Industries 

Transportation Equipment 

Wood Products 

Clothing 

40 

40 

54 

47 

52 

61 

54 

56 

72 

56 

56 

1960 
% 

35 

40 

41 

44 

47 

48 

53 

55 

56 

56 

58 

60 

61 

Change 

2 

6 

1 

4 

- 7 

1 

1 

- 6 

2 

-

-14 

4 

5 
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is, with some exceptions, borne out in fact as can readily be seen from 

Table V. 

The manufacturing sector, during the period 1948 to 1964, has been 

characterized by steadily increasing wages and salaries. In general, the 

earnings of salaried employees were higher and rose faster than did those of 

the production workers. The disparity between the wages of salaried and 

production workers may, in part, be explained by the inclusion of the earnings 

of owners, managers and other highly paid executives in the salary estimates, 

which would have the tendency to raise the overall average for the category. 

The industries which showed the largest increases in salaries and wages were 

once again largely those which had a record of high growth of output. 

Of the three variables with which the labour input is associated, only 

one factor, employment, seems to be affected significantly by the vagaries 

of the business cycle. Average hours per week declined steadily over the 

period and salary and wage rates increased steadily. The constancy of wage 

and salary rates and the sensitivity of employment to business cycles is 

illustrated in Chart III. The behaviour of these two variables gives evidence 

to the belief that workers and trade unions would rather suffer a degree of 

unemployment than see wage rates decline. 

Although it may be topical at this point to discuss the relation between 

salaries and wages and productivity, such discussion has been deferred to the 

last chapter where the estimates of productivity are presented and analysed. 
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TABLE V 

GROSS FIXED CAPITAL STOCK PER PERSON 

EMPLOYED IN MANUFACTURING 
1960 

(Constant 1949 Dollars) 

INDUSTRY 

Non-metallic Minerals , and 
Products of Petroleum 

and Coal 

Paper Products 

Chemicals 

Non-ferrous Metals , and 
Elec t r i ca l Apparatus 

and Supplies 

Textiles 

Iron and Steel Products 

Foods and Beverages 

Transportation Equipment 

Wood Products 

Printing, Publishing and 
Allied Industries 

Tobacco, Rubber, and 
Leather Products 

Miscellaneous Manufacturing 

Clothing 

Employment 

51,682 

93,748 

54,414 

127,595 

58,253 

168,396 

173,924 

112,076 

88,897 

60,037 

56,473 

33,265 

97,405 

Fixed 
Capital 

(000,000) 

1,728 

2,246 

1,302 

1,706 

635 

1,720 

1,776 

878 

684 

450 

353 

140 

234 

58 

Capital 
Intensity 

$ 

33,435 

23,958 

23,928 

13,370 

10,901 

10,214 

10,211 

7,834 

7,694 

7,495 

6,251 

4,208 

2,402 
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CHAPTER IV 

CAPITAL INPUT 

This technique of estimating reproducible fixed capital stock adopted 

for use in this thesis is that known as the "perpetual inventory" method. The 

concepts underlying this and other techniques are presented followed by an 

analysis of the growth of reproducible fixed capital stock in the manufacturing 

sector. 

1. Alternative Techniques. 

Most corporations and many other businesses carry in their accounts 

valuations of their fixed assets. These balance sheet asset figures can be 

aggregated by industry and by sector to provide a total for the whole economy 

in a particular year. 

This is approximately the method used to obtain the so-called 
census of capital, capital employed, or of wealth, published in the 
United States and Canada at various times in the past. In Canada, 
for example, the census of industry collected from manufacturing 
enterprises data on capital employed annually from 1920 to 1943. *• 

Taxation statistics also present data which lend themselves to this 

aggregative method of estimating capital stock. 

1 Wm. C. Hood and Anthony Scott, Output, Labour and Capital in 
the Canadian Economy, Royal Commission on Canada's Economic Prospects, 
(Ottawa, Queen's Printer, 1957) pp. 231-32. 
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It is generally believed that such information is not reliable, 
or that if it is reliable, it is very hard to interpret. Corporations 
responding to questionaires use different methods of valuing their 
capital: they may, for example, use original cost, market price or 
replacement cost; they may show figures net or gross of depreciation; 
they may include or exclude land; they may unexpectedly write up or 
down the value of fixed assets to include the goodwill of the enterprise 
on the occasion of a financial reorganization. 

They are valid reasons for the use of these various valuation procedures, 

and if all enterprises followed the same methods or if it were known how many 

firms followed each method, some use could be made of the aggregate data. 

The difficulty arises from the fact that the number of firms using each method 

is unknown. Further, as corporations change ownership, financial structure or 

tax situation they may wish to change the accounting convention followed in the 

valuation of their assets. All these factors tend to limit the usefulness of these 

estimates for the purposes of economic analysis. 

We may now review a technique known as the capitalization method 

which has been used from time to time by individual scholars, especially in the 

United Kingdom. 

The basic procedure depends upon first estimating the 
income arising from various kinds of assets. These incomes 
must then be capitalized at various conventional ratios of 
capital value to income, which are usually called the relevant 
number of "years 'purchase". 

2 Ibid., p . 232. 

3 Ibid., p. 233. 
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The term "years' purchase" refers to the time required for the profits of a 

particular asset to add up to the purchase price of that asset. Once the incomes 

of the assets have been capitalized they can be aggregated to yield estimates of 

capital stock. 

This method however requires a precise classification of the various 

types and sources of income such as is perhaps only available under the 

British schedular income tax system. In Canada, income tax returns are not 

on the whole classified by the kind of property which gives rise to the income. 

Moreover, many incomes are made up of unassorted mixtures of wages, profits, 

rents and interests. These facts would tend to make the use of capitalization 

method in Canada quite difficult. 

2. Perpetual Inventory Method. 

This method was fully developed by Raymond Goldsmith in the U.S.A., 

(4) used by Redfern in the U.K. (5) and adopted by Hood and Scott in Canada (6) 

and by the D.B.S. in its capital stock project (7) 

4 R.W. Goldsmith, "Measuring National Wealth in a System of Social 
Accounting", Studies in Income and Wealth, National Bureau of Economic 
Research, Vol. XII, (New York, NBER, 1950). 

5 D. Redfern, "Net Investment in Fixed Assets in the United Kingdom, 
1938-1942", Journal of the Royal Statistical Society CXVm, (Series A) 1955 
No. 2, pp. 141-192. 

6 Wm. C. Hood and A. Scott, op.cit. 
7 D.B.S . , Preliminary Estimates of Fixed Capital Flows and Stocks, 

Canada 1946-1960, Ottawa, D.B.S. Daily Bulletin Supplement 2, Tuesday, 
December 22, 1964, p . 11. 
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The'perpetual inventory" method of measuring the stock of fixed capital 

requires three basic building blocks; (1) historical time series of current 

dollar gross fixed capital formation for similar types of capital goods purchased 

by the industries for which stock measurement is being attempted; (II) price 

indexes pertaining to the types of capital goods for which current dollar gross 

fixed formation data exist; and (IH) data on the "average economic life" or 

service life of capital goods. 

The mechanics of the "perpetual inventory" method of measuring the 

stock of fixed reproducible capital by industry are relatively straightforward. 

Generally speaking, the technique involves the addition over a period of years 

of purchases of capital goods by an industry to derive its capital stock in any 

particular year. More specifically, if we assume that a particular industry 

uses machinery and equipment vsjhich will remain in productive service, until 

scrapped or discarded, for (say) an average of twenty years, this twenty years 

corresponds to the service life of the asset. If purchases of such capital goods, 

i . e . gross fixed capital formation, adjusted for price changes are aggregated 

for a period of twenty years, then in the twentieth year, a measure of the stock 

of this industry's machinery and equipment is derived. In the twenty-first year, 

the machinery and equipment purchased in the first year is , assumed to be 

withdrawn from the stock qhile that purchased in the twenty-first year is added. 

This procedure is repeated for all subsequent years, hence the name "perpetual 

inventory" method. 
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If depreciation rates are applied against the resulting gross stock 

estimates, then annual valued of consumption allowances can also be derived. 

When the yearly capital consumption allowances are subtracted from the gross 

fixed capital formation data, then the increase in the stock of machinery and 

equipment, adjusted for wear and tear and absolescence undergone by the 

existing capital goods, i . e . net fixed capital formation, is also measured. 

Aggregation of net fixed capital formation data yields estimates of the net stock 

of fixed capital. Net stock of capital is equal, in each year, to gross stock of 

capital less accumulated capital consumption allowances over the past twenty 

years or over a period corresponding to the service life of the assets of a 

particular industry. 

A more complete understanding of the technique of measurement of 

the stock of fixed reproducible capital by industry may be gained if a more 

detailed exposition of the method is outlined. Assume that we are concerned 

with the machinery and equipment stock of a particular industry. The procedure 

is then as follows: 

(A) Obtain, or if necessary, estimate a time series of current dollar 

gross fixed capital formation for machinery and equipment of the industry. 

How far back in time the series must be pushed is a function of the assumed 

service life and the year for which it is desirable to open with stock estimates. 

If, for example, the assumed service life is 20 years and the opening year of 

the estimates is 1949, then the series must be pushed back to 1929. 
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(B) Obtain, or again if necessary, construct a price index of capital 

goods whose commodity coverage is similar to that of the machinery and 

equipment gross fixed capital formation series of the industry under consideratioi i. 

Ideally, the index should be one that reflects the changing composition of the 

series, i . e . a currently weighted Paasche index. However, this is often 

difficult to obtain due to the wealth of commodity detail required for its construc­

tion. 

(G)) The current dollar gross fixed capital formation series is then 

deflated. That i s , the current dollar gross fixed capital formation data are 

divided through by the price index to derive capital formation estimates express­

ed in terms of the average price of capital goods in the year which is the time 

reference base of the price index. This deflation procedure is necessary to 

ensure that the time series will not be Biassed by price fluctuations. This will 

then yield estimates of constant dollar gross fixed capital formation. 

(D) On the basis of available data, it is assumed that the machinery 

and equipment used by this industry have an "average economic life" or service 

life of twenty years. It is assumed that the capital goods, to which this estimate 

of service life applies, installed by the industry in year one remain in the stock 

until the twenty-first year at which time they are withdrawn from the stock. 

Therefore, if the constant dollar gross fixed capital formation data are aggrega­

ted for twenty years, then at the end of the twentieth year, a measure of the gross 

stock of machinery and equipment for that industry is derived. 
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For subsequent years, the new additions in each year are added to the stock 

while the additions made twenty years ago are deducted. 

(E) The assumed service life of the machinery and equipment implies 

that by the time it is discarded or scrapped the machinery and equipment 

installed twenty years ago has negligible market value. Some method must be 

found to write off this decline in the value of machinery and equipment over its 

life. The estimates compiled by D.B.S. and which are used in this thesis were 

prepared using the "straight line" method of calculating depreciation. Thus, if 

the assumed service life is twenty years, then one twentieth of the gross stock 

will provide an estimate of the constant dollar value by which the stock declines 

in value each year. The application of the depreciation function thus yields 

annual estimates of constant dollar capital consumption allowances. 

(F) If we subtract these capital consumption allowances from the 

estimates of constant dollar gross fixed capital formation every year, we obtain 

a measure of the addition to the stock of machinery and equipment in constant 

dollars where allowances have been made for the effects of wear and tear, 

ageing and obsolescence on the value of existing stock. These estimates are 

called net fixed capital formation in constant dollars. If these estimates are 

aggregated we obtain for each year a measure of net fixed capital stock of 

machinery and equipment. 
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However, it should be noted that gross rather than net fixed capital 

stock estimates are used in the computation of the productivity estimates 

presented in this thesis because the denominator of the productivity ratio, 

i . e . real output, contains no adjustment for capital cost allowances. The use 

of net fixed capital stock in the denominator of the ratio would tend to create 

an upward bias in the productivity estimates. 

3. Sources. 

As explained in Section n , the use of the perpetual inventory method 

for estimating gross and net stock of reproducible capital requires three sets 

of data: 

a) current dollar estimates of gross fixed capital formation; 

b) price indexes relating to gross fixed capital formation and 

c) estimates of the average economic lives of the commodities 

making up the stock. 

(a) Estimates of Gross Fixed Capital Formation 

For the period 1926-1945, the estimates of current dollar gross fixed 

capital formation by Major groups in manufacturing are taken from Department 

of Trade and Commerce, Private and Public Investment in Canada 1926-1951, 

Tables 26-39. These estimates were derived from a sample of corporate 

income tax returns to the Department of National Revenue for 358 companies 

engaged in manufacturing in 1946 and active during the preceding twenty year 

period. 
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The estimates from 1946 on are derived from the Department of Trade 

and Commerce's Capital Expenditure Survey, a joint undertaking by the 

Economics Branch of the Department of Trade and Commerce and the Business 

Finance Division of the D.B.S. Historical data for the period 1946-1957 are 

contained in D.B.S. 61-504, Private and Public Investment in Canada 1946-

1957. 

For the years 1958 to 1964, the data are obtained from the Department 

of Trade and Commerce, Private and Public Investment in Canada Outlooks 

1960, 1961, 1962, 1963, 1964, 1965 and 1966. 

The data for the period 1926 to 1945 on capital expenditures from 

PPI1926-1951 are available only for combined Tobacco, Rubber and Leather 

Products Major Groups, the combined Non-ferrous Metals and Electrical 

Apparatus and Supplies Major Groups and the combined Non-metallic Minerals 

and Products of Petroleum and Coal Major Groups. It is not possible to obtain 

a breakdown of these data into its Major Group components. Thus, the 

productivity estimates in this report are prepared for thirteen combined Major 

Groups rather than seventeen individual Major Groups in Manufacturing, 

(b) Price Indexes 

The price index used for deflating the construction component of 

current dollar gross fixed capital formation in manufacturing was prepared in 

the following manner. From the D.B. S. reference paper Price Index of 
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Non-residential Building Materials 1935-1952, broad materials commodity 

groups weights, by different types of structures were obtained. The weights 

given for factories were assumed to be appropriate for the derivation of the 

building construction deflator for manufacturing industries. The commodity 

groups and weights are given in Table VI. 

Price indexes for these groups of non-residential building materials 

are provided in the Reverence Paper and in subsequent issues of Prices and 

Price Indexes, D.B.S. catalogue No. 62-002. 

With respect to the labour component, the index of average hourly 

earnings in building construction activity in the Construction Industry obtained 

from various issues of D.B.S. Review of Man-Hours and Hourly Earnings, 

72-202 for the years 1945 to 1964 and the index of wage rates in the Constructor 

Industry from the Department of Labour, Wage Rates, Salaries and Hours of 

Labour 1964 and earlier issues of the same report were average&simply 

together. 

The labour and materials index for building construction were combinec 

using the following weights: building materials, 0.606, labour 0.394. These 

weights were arrived at by the D.B.S. on the basis of data obtained from 

working papers underlying the reference paper Price Index of Non-residential 

Building Materials 1935-1952. 
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The price indexes used to deflate machinery and equipment current 

dollar gross fixed capital formation from 1955 to 1964 were obtained from 

the D.B.S. Prices Division. These indexes, as yet unpublished, relate to the 

prices of machinery and equipment, both domestically - produced and imported, 

purchased on capital account by selected Canadian industries and municipal 

governments. In general, these indexes resemble the industry selling price 

indexes currently being produced by D.B.S. However, detailed elaboration of 

the nature and limitations of these price indexes must await their publication 

by the Prices Division. 

'.: These indexes are computed for nine Major Groups and for total 

manufacturing. The technique followed in the unpublished D.B.S. capital stock 

study and in this thesis was to apply these nine indexes to the data of those 

industries to which they were specifically related, and to deflate the data of 

the remaining industries using the index of total manufacturing. These indexes 

use 1955 as the base year. They have been converted to a 1949 base for 

purposes of comparability, 

(c) Service Life 

The weakest link in the set of capital stock estimates presented in 

this thesis are the estimates of the service life of the various types of capital 

goods. Satisfactory data, which would reveal how long various types of capital 

goods have remained in production in substantially unaltered form, do not,exist. 
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COMMODITY GROUPS AND WEIGHTS, 
NON-RESIDENTIAL BUILDING MATERIALS 

COMPONENT: BUILDING CONSTRUCTION - MANUFACTURING 

COMMODITIES We 

Aggregate cement and concrete mix 

Blocks, brick and building stone 

Tile 

Lumber and lumber products 

Plumbing, heating and other equipment 

Electr ical equipment and mater ia ls 

Steel and metal work 

Hardware 

Lath plas ter 

Roofing mater ia ls 

Paint and Glass 

Miscellaneous mater ia ls 

Total 

ights for Factor ies 

0.119 

0.096 

0.033 

0.054 

0.229 

0.130 

0.244 

0.032 

0.011 

0.029 

0.016 

0.007 

1.000 

Source: Dominion Bureau of Statistics, Index of Non-Residential Building 
Materials 1935-1952. 
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In the outline of the perpetual inventory method given earlier, it was 

assumed that all investment expenditures on machinery and equipment repre­

sented the purchase of capital with a given service life. In making the assum­

ption of one service life for all machinery purchased by an industry we are also 

in fact assuming that: 

a) we can average the service life of all these kinds of assets into 

one representative figure; and 

b) the annual expenditures by this industry contain unchanging 

proportions of each of the main kinds of assets. 

These are indeed extreme assumptions, and it is necessary 
that the reader recognize that they have been made and are 
implicit in all that follows. ° 

Another inherent difficulty which arises from the use of fixed service 

life estimates is that they ignore the possibility that the actual service lives of 

assets may be changing over time. One of the probable causes of such changes 

are the advances in technology which necessitate that firms make rapid and 

frequent adjustments in their productive processes if they are to remain compe­

titive. While the service lives of machinery and equipment in certain industries 

may be shortening those of buildings because of improved construction and 

8 Wm. C. Hood and A. Scott, op. cit . , p . 239. 
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design methods may be lenthening and thus it could be argued that on the whole 

the changes in one direction may to some extent ba,offset by changes in the 

opposite direction. 

However, these and similar problems only serve to underline the 

basic need for periodic bench mark estimates to keep the perpetual inventory 

estimates of the stock of fixed capital up to date. Such benshwork estimates, 

which would entail obtaining information on the value and age of stocks of fixed 

capital by industry together with data on the service lifes of capital goods, 

would be quite expensive. But if the estimates are to be continued and improvec, 

these surveys will have to be carried out. 

4. The Growth of Fixed Capital 

In constant 1949 dollar terms, total gross fixed capital formation in 

manufacturing rose from $443 million in 1946 to $1458 million in 1964. For 

construction type new capital goods, expenditures in this sector of the economy 

rose from $175 million to 355 million, while for machinery and equipment 

including capital items charged to operating expenses, expenditures increased 

from $268 million to $1003 million. 

The distribution of investment expenditures in the manufacturing 

sector exhibited little change during the 1946 - 19|8 period. Thereafter, 

expenditures on machinery and equipment began to account for an ever 

increasing share of total expenditures. This change in emphasis in the 
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distribution of expenditures on capital goods as between machinery and 

equipment and construction is quite apparent from Table v n and Chart V. 

TABLE VII 

GROSS FIXED CAPITAL FORMATION IN MANUFACTURING 
PERCENTAGE DISTRIBUTION OF EXPENDITURES 

CONSTANT 1949 DOLLARS 
SELECTED YEARS 

Year 

1947 

1957 

1960 

1964 

Machinery 
and 

Construction 

35 

35 

29 

24 

Equipment 

65 

65 

71 

76 

Total 

100 

100 

100 

100 

The distr ibution of investment expenditures in the manufacturing 

sector is not common to the economy as a whole. A study prepared for the 

Economic Council of Canada by Derek A. White, Business Investment to 1970, 

indicates that non-residential construction has accounted for the major share of 

investment expenditures in the post-war period. 
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It is clearly apparent here that non-residential construction 
has become the dominant form of investment in the Canadian 
economy during the post-war years. Real residential investment, 
although providing visual evidence of enourmous growth in the 
form of post-war additions to the nation's housing stock, is 
actually the smallest of the three major forms of investment in 
terms of its contribution to total demand or the absorption of 
factors of production. " 

Part of this movement in the post-war period is probably attributable to the 

replacement of various forms of construction, but a large part is clearly 

attributable to expansion of the capital stock in water transportation, hydro­

electric, pipe-line and mining fields. A considerable proportion of this 

investment was of the "lumpy" variety resulting in a substantial addition to 

output capacity. Examples are the development of iron-ore mining and 

handling facilities, the St. Lawrence Seaway, the expansion of hydro-electric 

power for aluminum smelting, and oil field installations. A further contributing 

factor was the growth of expenditures on social capital such as schools, univer­

sities, hospitals, and municipal water works. 

9 D.A. White, Business Investment to 1970, Staff Study No. 5, 
Economic Council of Canada, (Ottawa, Queen's Printer, 1964), p . 4. 
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Chart V illustrates the cyclical sensitivity of investment expenditures 

on both types of capital goods. It also illustrates the close relationship which 

existed between the cycles of both categories of capital equipment from 1947 to 

1958. From 1958 the behavior of expenditures on these two types of capital 

goods is quite dissimilar with expenditures on machinery and equipment increa­

sing more rapidly than those on construction. The larger amplitude of the 

cyclical changes by investment expenditures on machinery and equipment 

suggests that this type of investment expenditure is more sensitive to the 

various forces which precipitate fluctuations in business activity. 

La the manufacturing sector, the stock of fixed reproducible capital in 

terms of 1949 dollars rose from $7,433 million in 1946 to $155,558 million in 

1964. This increase in capital stock was in no way equally shared by all 

industries nor is the distribution of construction goods and machinery and 

equipment the same in all industries. 

While the gross fixed capital formation data indicate that expenditures 

on machinery and equipment have been the predominant form of investment 

over the whole period, the gross stock data indicate that only since 1957 has 

machinery and equipment stock accounted for more than 50% of the total stock 

of fixed capital in manufacturing. This apparent contradiction is explained by 

the relatively short service life of machinery and equipment. This trend which 

is evident over the whole period is one which is common to the economy as a 

whole. 
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TABLE VIII 

CHANGES IN GROSS FIXED CAPITAL STOCK 
IN THE MANUFACTURING SECTOR 

1946-1964 

INDUSTRY 

Foods & Beverages 

Tobacco, Rubber & Leather 

Textile 

Clothing 

Wood 

Paper 

Printing 

Iron & Steel 

Non-ferrous Metals , and Electr ical 

Transportation Equipment 

Non-metallic Minerals , and Products of 
Petrol & Coal 

Chemical Products 

Miscellaneous Manufacturing 

Average 

Change in 
Construction 
Capital Stock 

% 

102.2 

45.6 

7.2 

- 36.0 

8.4 

52.2 

78.8 

67.5 

102.5 

17.9 

208.2 

95.8 

63.2 

68.1 

Change in 
Machinery and 

Equipment 
Capital Stock 

% 

177.7 

222.9 

108.6 

205.1 

222.5 

329.8 

89.8 

292.4 

125.2 

127.5 

461.4 

621.3 

275.0 

250.7 

Change 
in 

Total 
Stock 

% 

140.8 

105.8 

60.2 

35.9 

87.8 

149.4 

85.4 

175.2 

114.2 

64.7 

265.4 

226.6 

132.9 

126.5 

Source: Dominion Bureau of Statist ics, Prel iminary Est imates of Fixed Capital Flows and 
Stocks, Canada, 1946-1960. 
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Finally in Canada the same trends are noticeable. Investment 
estimates measured in 1949 dollars, suggest that in 1911 the expen­
ditures by industry on construction was four times that of the expen­
diture on machinery and equipment. By the late 1920's, however, 
the figures in the two series were approximatly equal, and in the 
1950's the constant-dollar expenditures on machinery and equipment 
ranges from one-and-a-half to two times the expenditure on construc­
tion. In 1926 the gross stock of industrial structures was almost three 
times that of the equipment gross stock, whereas by the late 1950's 
the stock of machinery and equipment had increased to 80% of the 
construction stock. This increase is particularly impressive when 
the low rate of discard of construction goods is remembered. 

Except for the clothing industry all sectors recorded increases in 

their stocks of both types of capital over the 1946-1964 period. Detailed 

tables on the size of the capital stock in each industry are given in the appendix 

to this chapter. However, Table VIH gives an indication of the changes which 

occured in the manufacturing sector over the period. 

Non-metallic Minerals and Products of Petrol and Coal, Non-ferrous 

Metals and Electrical Products, and Foods and Beverages industries were 

the industries which recorded the largest percentage changes in their stocks 

of construction capital goods. 

On the other hand, Chemical Products, Non-metallic Minerals, and 

Products of Petrol and Coal, and Paper Products were the industries which 

exhibited the greater percentage changes in their stocks of machinery and equip­

ment. 

10 Wm. C. Hood and A. Scott, op.cit . , p . 276. 
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Thus some industries which gave evidence of large increases in one 

type of capital stock showed little if any change in the other. An example of this 

is the clothing industry which increased its stock of capital in machinery and 

equipment by 205% over the 1946-64 period while its stock of construction-type 

capital goods declined by 35% over the same period. 

From the volume indexes of the constant dollar gross fixed capital 

stock in the manufacturing sector, which are presented in the Appendix, it can 

be seen that the cyclical sensitivity of expenditures on gross fixed capital for­

mation has not been transmitted to the estimates of capital stock. The explana­

tion of this behaviour probably lies in the fact that the yearly additions to the 

stock of fixed capital are quite small compared to the size of the total stock thus 

variations in the magnitude of the former have little effect on the aggregate 

stock. 

In conclusion, it can be stated that the value of the estimates of gross 

fixed capital stock depend largely upon the validity of the estimates of service 

life used in their construction. Thus until surveys of industry are undertaken 

to determine the validity of these lives it will be quite difficult to make a 

critical evaluation of the estimates they are used to construct. 

In general, however, it can be stated that the stock of fixed capital in 

manufacturing has shown a substantial increase over the 1946-1964 period and 1 if 

the industries which comprise the manufacturing sector have shared in this 
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increase in varying proportions depending upon their needs and competitive 

abilities. 
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CHAPTER V 

ESTIMATES OF TOTAL FACTOR PRODUCTIVITY 

This chapter brings together a l l the component par t s of the 

productivity rat io which have been discussed previously with a view to 

deriving the es t imates of total factor productivity and analysing the 

resu l t s so obtained. It -will also investigate the question of wages and 

productivity changes in the various industr ies which make up the manu­

facturing sector . 

1. Derivation of the Es t imates . 

The r total factor1 productivity est imates derived for each 

industry and for the manufacturing sector as a whole were obtained by 

dividing a rea l output index by the weighted indexes of capital and 

labour. The basic formula used throughout this thesis may be express ­

ed as follows: 

Productivity 
T , _ Real output index 

w(index of man-hours)+w(index of r ea l capital stock) 

Z w 

This method yields an annual index of productivity for each industry 

in the manufacturing sec tor . On the basis of the data so obtained it 

is possible to t r ace the y e a r - t o - y e a r productivity changes in each 

industry as well as the average changes over the 1946-1964 period. It 

is also possible to compare the ra te of increase between industr ies 
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and for the manufacturing sector as a whole. 

The numerator of the productivity ra t io i s , for reasons 

outlined in Chapter II, the index of industr ia l production. For reasons 

of comparabil i ty with the input data it was necessa ry to combine the 

Tobacco and Tobacco Produc ts , the Rubber Products and the Leather 

Products industry indexes into one index of industr ial production. For 

s imi lar reasons the Products of Pet ro leum and Coal and the Non-

meta l l ic Mineral Products indexes along with the Non-ferrous Metal 

Products and Elec t r ica l Apparatus and Supplies indexes were combined 

to form two sepera te indexes. These distinct industr ia l production 

volume indexes (1949 = 100) were combined on the basis of each 

i ndus t ry^ relat ive contribution to Gross Domestic Product at factor 

cost in the 1949 base year . 

The denominator of the xtotal fac tor ' productivity es t imates 

p repa red for this study include both labour and capital. In order to 

combine both these inputs for the derivation of the es t imates it has 

been necessa ry to express them in common units . 
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Obviously, manhours cannot be combined with dol lars 
of tangible capital without t ransla t ing each of them into 
comparable units. The appropriate unit is a dol lars worth 
of serv ices in the base period. 

If, for example, a man-hour of labour in a given industry 

commands $1. 25 in the base period, and $100 of capital command $5.00 

of net revenue per year (whetearimi rent , profits or rrttascesitae) then we 

can say that the $100 of capital is equivalent to 4 man-hours . 

The hourly remunerat ion assigned to labour was wages and 

sa la r ies of the industry in the base year . The weight given to wages 

and sa la r ies within an industry depended upon the relat ive number of 

hours worked by each employee groupXn the base year . These data 

were obtained from the Dominion Bureau of Statist ics publication, 

Earnings and Hours of Work in Manufacturing. 

The ra te of r e tu rn to capital decided on for use in this thesis 

is the average yield on new long- term (13-15 years) issues of indus­

t r i a l bonds. These data a r e published monthly by McLeod, Young, 

Weir and Company Ltd. , and re la te to a smal l group of selected 

I Solomon Fabr icant , Basic Facts on Productivity Change, 
(Occassional Paper 63; New York: National Bureau of Economic 
Research , 1959), p . 9. 
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corporat ions . For purposes of this thesis an average of the yields in 

the base year were used. 

The technique of t ranslat ing hundred dollar units of capital 

into equivalent hours of labour was applied to each of the industr ies 

of the manufacturing sector in the 1949 base year . Using the data so 

obtained it was then possible to derive weighting factors for the labour 

and capital input indexes. These weights a r e designed to reflect , for 

each industry in the manufacturing sector , the relat ive importance in 

t e r m s of man-hours of the labour and capital inputs. However, since 

the use of labour far exceeds the use of hundreds of dollars of tangible 

capital , labour as a whole received a much grea te r weight than did 

the capital input. 

The indexes of productivity derived using the technique out­

lined above were found to be very sensitive to cyclical fluctuations. 

For reasons developped in chapter one it was felt that the influence of 

the fluctuations in business activity should be eliminated. This was 

achieved by using a five year moving average - which interval 

corresponds roughly to the average length of the business fluctuations. 2 

2 The average length of cyclical phases in Canada during the 
1946-1965 period has been 12 months for the contraction and 36 months 
for the expansion. See Economic Council of Canada, Second Annual 
Review, Towards Sustained and Balanced Economic Growth, (Ottawa, 
Queen Is P r i n t e r , December 1965), p. 147. 
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2. Analysis of the Es t ima tes . 

A special in te res t is attached to over -a l l productivity indexes 

as the best available m e a s u r e of net changes in the productivity of the 

manufacturing sector as a whole. In effect, the index of productivity 

in the manufacturing sector is a weighted average of the productivity 

indexes for the various indus t r ies . The component-industry m e a s u r e s 

show considerable dispers ion and i r regula r i ty of movement. Only by 

a study of the aggregate m e a s u r e can we see the net effect of industry 

productivity changes and the degree of regular i ty of the forces p r o m o ­

ting improved performance in the sector as a whole. 

Between the t e rmina l yea r s of the period 1946-1964, p roduc­

tivity in the manufacturing sector increased by 51.4 per cent. This 

percentage inc rease over the ra te prevail ing in 1946 yields an average 

annual increase over the whole period of approximately 2 . 7 per cent. 

Since r e a l output, as measured by the index of industr ia l production, 

in the manufacturing sector increased by 121 per cent over the 1946-

1964 per iod or by an average of 6. 4 per cent per year , if is evident 

that about two thi rds of the growth in output was accounted for by 

additions to labour and capital while one third was contributed by 

increases in the efficiency with which the inputs were util ized i. e. 

productivity. The relat ive importance of productivity in the 
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generation of increased output has been st i l l g rea te r in recent y e a r s . 

The productivity es t imates derived for the manufacturing 

sector as a whole compare quite favourably with the findings of the 

Dominion Bureau of Statist ics as re leased in the publication Indexes 

of Output per P e r s o n Employed and per Man-Hour in Canada, C o m m e r ­

cial Nonagricultural Indust r ies , 1957-63. This study found the average 

output per man-hour in the manufacturing sector of the economy to be 

3. 1 per cent per year over the 1947 - 1963 period. 

While this s imi lar i ty in the resul ts is of in te res t , ca re should 

be taken not to at tach too great an importance to it since there is a 

considerable difference in the coverage and techniques of measu remen t 

used in these two productivity studies. In addition, the fact that the 

Dominion Bureau of Statist ics study does not make allowance for the 

contributions of capital to the creat ion of output also adds to the 

differences in the result ing es t imates . However, the s imilar i ty of 

resu l t s can legit imately be taken as broad evidence of the validity of 

the resu l t s obtained in this thes is . 

In the manufacturing sector as a whole, the growth of 

productivity has been relat ively stable over the period under conside­

ration. This re la t ive stability is i l lus t ra ted in Charts VI and VII. It 

is notably m o r e stable than the growth pat terns of the individual 
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component industr ies because most of the rat ios tend to be offsetting. 

The offsetting nature of the divergent industry ra tes may be in pa r t a 

r e su l t of random factors and in par t a resu l t of inter industry shifts in 

r e s o u r c e s . 

Over the 1946-1964 period, the average deviation of the 

indexes of productivity from the corresponding five-year moving 

average indexes is 1. 7 per cent. This is approximately 15 per cent 

of the average annual inc rease in productivity. Percentage y e a r - t o -

year changes in rea l output and productivity at the aggregate levels a r e 

summar ized in Chart VII and VIII. 

Pe rhaps the mos t important point to be considered when 

studying the annual fluctuations in productivity es t imates is whether 

and to -what extent the measu re s have been influenced by cyclical 

var iat ions in economic activity. Since the identification and timing 

of turning points a r e based on monthly or quar ter ly data, and since 

-3 

the downturns have been of short duration and have not corresponded 

3 In the 1946-1964 period cyclical downturns have not lasted 
m o r e than four qua r t e r s . Table 20-1 of the Report of the Royal 
Commission on Banking and Finance, identifies the downturns as 
running from the 4th quar ter of 1948 to the 3rd quar ter of 1949, from 
2nd quar te r of 1953 to 2nd quar ter 1954, from the 2nd quar ter 1957 to 
the 2nd quar te r 1958, and from the 1st quar ter of I960 to the 1st 
quar ter 1958, and from the 1st quar ter of I960 to the 1st quar ter of 
1961. 
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to ca&Lendar y e a r s , annual data a r e fairly blunt tools for the analysis 

of cyclical movements . In addition, the data suggest that cyclical 

forces can be identified m o r e easily in the movements of the output 

and input m e a s u r e s since their effects a r e part ial ly offset when they 

a r e brought together to derive a se r i e s of productivity es t imates . 

However, p r ima facie, it appears reasonable to expect that 

y e a r - t o - y e a r changes in productivity might reflect to some extent the 

influence of cyclical fac tors , and this has in fact been the case . The 

observations which can be made at sector level a r e equally relevant 

at the individual industry level as "will be seen when the component 

industry productivity es t imates a r e analysed. 

The yea r s which recorded the grea tes t increases in produc­

tivity in general corresponded to the years in which output rose at a 

higher than average ra t e . This was certainly t rue of 1950 and 1955 

and to a slightly l e s s e r extent of 1947, 1959, and 1962. Secondly the 

poorer productivity performances frequently coincided with periods 

where the growth of output was less than the average for the period 

or even negative. This was notably the case in 1954, 1957 and 1958. 

It does not seem possible to conclude from these observations 

that a simple relat ionship exists between the movements of output and 

productivity since the r eco rd also shows a few notable exceptions from 
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the pat tern deacr ibed above. In 1952, for example, output increased 

over 1951 but the corresponding productivity es t imates for that year 

declined in relat ion to 1951. This decline in productivity resul ted 

from relat ively l a rge inc reases in labour input. The same conclusions 

can be drawn with r e spec t to 1948 where once again output increased 

and the re la t ive productivity declined. This decline was also the 

resu l t of la rge inc reases in the labour input. 

It thus appears that the mos t suitable approach to 
the explanation of the cyclical behaviour of productivity 
lies in a comparison of the cyclical movements of its 
output and input components. 

The identification of t rend in any t ime se r ies is usually looked 

upon as an uncer ta in exerc i se even under the most favourable conditions 

In the p resen t case the length of the period under consideration being 

quite shor t it does not favour this type of analys is . Bearing this l i m i ­

tation in mind the following observations can be made. 

The productivity es t imates for the whole manufacturing 

sector adjusted for cyclical influences as plotted in Chart VI seem to 

indicate a continued and steady growth over the whole period under 

4 Canada, Dominion Bureau of Sta t i s t ics , Indexes of Output 
per P e r s o n Employed and P e r man-Hour in Canada Commerc ia l Non-
agr icul tura l Industr ies 1947-63, (Ottawa, Queen Is P r i n t e r , 1965), p. 10. 
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consideration. There a r e , however, indications that this is not the 

case of the output and input components, where there appears to have 

been a break in the trend around 1956 or 1957. The break in t rend has 

resul ted from slower growth ra tes for both output and labour input. 

Chart VI indicates that the growth ra te of the labour input is now 

relat ively slower than the growth ra te of output. This fact suggests 

that productivity increases have become a relat ively m o r e important 

factor in the growth of output in the la t te r yea r s of the period under 

review. 

As the analyst leaves the measu re s of productivity for the 

total sector and examines those for the various constituent indus t r ies , 

he is s t ruck f i r s t by the divers i ty of productivity movement. The 

industry r a t e s of productivity change, while tending to c luster about 

their mean , show a considerable range of dispersion. The degree of 

d ispers ion is graphically represen ted in Chart IX over the 1946-64 

period, the industr ies which comprise the manufacturing sector have 

recorded productivity inc reases which vary from 34. 2 to 91. 3 per cent. 

The average annual ra te of productivity inc rease ranges from 1. 80 

per cent in the Clothing industry to 4. 81 per cent in the Non-metal l ic 

Minera ls and Products of Pe t ro leum and Coal industry. While these 

two ra te s of change bracket the range of d ispers ion it should be noted 
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that the productivity r a t e s of the majori ty of the industr ies closely 

pa ra l l e l that of the manufacturing sector as a whole. 

Table HDS. l i s ts the total percentage increase in productivity 

over the per iod as well as the average annual inc rease in productivity 

and the weight factor applied to each industry. On the basis of this 

data it is possible to a s s e s s the importance and effect of the productivity 

of each individual industry in the performance of the manufacturing 

sector as a whole. For example the three indus t r ies , Non-metall ic 

Minera ls and Products of Pet ro leum and Coal, Chemicals and Tobacco, 

Rubber and Leather , which have exhibited the grea tes t inc reases in 

productivity have a combined weight which is slightly less than that of 

the Foods and Beverages industry which ranks tenth. 

Table vIEE also includes the average percentage variat ion in 

the year ly productivity es t imates . This column provides an indication 

of the var iabi l i ty of the productivity es t imates in the individual 

indus t r ies . As in the case of the sector it can be stated that the forces 

which underl ie these variat ions a r e largely cyclical. Again, as with 

the sec tor , it appears that the mos t suitable approach to the explanation 

of these cyclical var iat ions lies in an examination of the movements 

of the output and input components. 
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TABLE t&E 

PRODUCTIVITY CHANGES IN MANUFACTURING 
BY INDUSTRY 1946-1964 

INDUSTRY 

Non-metall ic Minerals and 
Products of Pe t ro leum and Coal 91. 31 

Chemical Products 

Tobacco, Rubber and 
Leather Products 

Textile Products 

Transportat ion Equipment 

Iron and Steel Products 

Printing and Publishing 

Non-ferrous Metals and 
Elec t r ica l Products 

Miscellaneous Manufacturing 

Foods and Beverages 

Paper Products 

Wood Products 

Clothing Products 

Total 
Change 

% 

1 91. 31 

82. 38 

76. 33 

68.65 

63.72 

49.60 

46.71 

44. 83 

43.47 

41.95 

40.47 

36.78 

34.20 

Average 
Yearly 
Change 

% 

4. 81 

4. 33 

4. 02 

3.61 

3. 35 

2.61 

2. 46 

2. 36 

2.29 

2. 21 

2. 13 

1. 94 

1. 80 

Average 
Variation 

% 

4 . 4 

4. 1 

5. 0 

5. 1 

6. 1 

4 . 2 

2 .9 

3 . 5 

2. 8 

2. 8 

3. 1 

2 . 5 

3 .6 

Weighting 
Factor 

4. 42 

4. 22 

4 .31 

6. 08 

10. 15 

15. 39 

5.29 

10.75 

1.69 

13: 06 

8.78 

8.45 

7 .41 

Manufacturing Sector 51.42 2.71 2.7 100. 00 
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It is interest ing to note that the two industr ies which 

exhibited the l a rges t gains in productivity were also those which 

recorded the mos t important increases in capital stock over the same 

period of t ime . For the remaining industr ies correspondence seems 

to be evenly divided between those industr ies which did exhibit 

s imi la r i ty in growth pat terns and those that did not. It would, 

however, be very difficult at this level of aggregation to a sc r ibe any 

definite causality to this occurrence without knowing in detail the 

composition of the capital stock. 

Notwithstanding the variabil i ty which exists in the es t imates 

of productivity mos t of the industr ies in the manufacturing sector have 

exhibited a t rend towards increasing productivity over the period under 

considerat ion. The clothing industry is the exception to the rule . Its 

five year moving average of productivity declined from 1957 to 1962 

as a r esu l t of dec reases in output. It now remains to be seen whether 

the d ramat ic inc rease in output which occurred in 1962 can be 

sustained without equally dramat ic changes in factor inputs. 

3. Productivity and Wages. 

The possible use of productivity es t imates in wage negotia­

tions which was introduced in Chapter I will be covered h e r e in 

g rea te r depth. In recent years the use of this tool has gained 
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increasing acceptance among labour, management and government. 

Therefore , it is of in te res t to investigate the h i s to r ica l r ecord of 

these var iables in Canada. 

Over the 1946-1964 period, r ea l wages and sa la r ies in 

manufacturing increased by 58. 55 per cent over the ra te prevail ing 

in 1946. This is equivalent to an average annual increase of 3. 08 

per cent. Productivity during the same period increased by 51. 42 

per cent over 1946 or by an average ra te of 2. 71 per cent per year . 

It is quite difficult to make generalizat ions on the basis of 

so shor t a period. Data for a much longer period is required to 

revea l any definite corre la t ion. However, it can be said that the 

var iables with which we a r e concerned while they indicate marked 

variat ions in detail , they both confirm the same general t rend toward 

an improvement of a s imi lar ^magnitude. 

F r o m the movements of productivity and r ea l wages plotted 

in Char t XXIII it is quite evident that throughout much of the period, 

the gains rea l ized in r ea l wages and sa la r ies have been grea te r than 

those in productivity. In considering these improvements in r ea l 

earn ings , it mus t be r emembered that the s ta t is t ics for wages and 

sa la r i e s do not include any allowances for cer ta in fringe benefits 
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or reduced working hours . If the value of these non-monetary benefits 

were included it is evident that the result ing data would indicate that 

the well-being of workers in manufacturing had increased far in 

excess of that which could have been paid for by inc reases in p roduc­

tivity. 

The question then r e m a i n s , how have these gains in rea l 

income been financed? John W. Kendrick has proposed a possible 

answer : 

The basic explanation of the fact that r ea l wages 
rose faster than productivity lies in the considerably 
faster inc rease in capital than in man-hours worked. 
. . . As long as output per unit of capital r i s e s m o r e 
than the ra te of r e tu rn on capital , it is possible for 
r ea l average hourly labour earnings to r i s e more 
than output per unit labour input. 

The behaviour of productivity and r e a l wages in the individual 

industr ies gives ample evidence of considerable diversi ty . In the 

chemical industry, the Non-metall ic Minerals and Products of 

Pe t ro leum and Coal industry, Textiles industry, the gains made in 

r e a l wages and sa la r ies have closely parallelled the inc reases in 

productivity. On the other hand, the following indus t r ies : 

5 John W. Kendrick, "The "Wage-Productivity-Price I s sue" , 
California Management Review, Spring, I960, p . 44-45. 
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Non-ferrous Metals and E lec t r i ca l Appliances, Transpor ta t ion 

Equipment, Iron and Steel, Paper P roduc t s , Print ing and Publishing 

and Miscellaneous Manufacturing have recorded gains in r ea l wages 

and sa la r ies which exceeded, in varying degrees , the gains real ized 

in productivity. In this connection, it is interest ing to note that 

inc reases in r e a l capital stock in these industr ies have far exceeded 

the inc reases in the number of hours paid. According to J. W. 

Kendrick » an industry1^ gains in rea l wages can exceed those of its 

productivity where the above conditions prevai l because then some of 

the re tu rns which should be going to capital a re being channelled to 

labour. However, this is not the only determining factor since the 

aforementioned conditions also apply to the industr ies where product i ­

vity and r e a l wages move along para l le l paths. 

Final ly, in the Clothing and Tobacco, Rubber and Leather 

indus t r ies , productivity increased faster than did r ea l wages and 

s a l a r i e s . It is difficult to analyse any of the movements of the 

Tobacco, Rubber and Leather industry since this group includes two 

6 John W. Kendrick, "The Wage-Product iv i ty-Pr ice I s sue" , 
California Management Review, Spring, I960, p. 44-45. 
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very dist inct methods of production. Rubber is a highly capital 

intensive industry while Tobacco and Leather a r e heavily weighted in 

favour of labour. Therefore with this group it is quite possible that 

the high productivity of one industry would be cancelled by la rge 

inc reases in employment or low output of the other indus t r ies . 

With the Clothing industry the case is c l ea re r . Here we have 

an industry where al l three var iab les , productivity, r ea l wages and 

inc reases in capital stock, a r e the lowest for the manufacturing 

sector . The low rea l wages probably stem from the fact that largely 

female labour is used and that mos t of the units of production a r e smal l 

Notwithstanding the diversi ty exhibited in the individual 

industr ies there s t i l l exists some semblance of t rend in the sector . 

Individual indust r ies a r e ranked by the size of wage inc reases over 

the per iod in Table X. It also ranks the industr ies by productivity. 

F r o m this table we can see that, in genera l , industr ies with high r e a l 

wages and sa la r ies usually correspond to those with high ra tes of 

productivity. This is not to say that high productivity is the sole 

determining factor , but it has been an important contributing factor 

in these indust r ies ability to pay high r ea l wages. The high wages 

prevail ing in these industr ies have forced low productivity industr ies 

UNIVERSITY OF OTTAWA - SCHOOL OF GRADUATE STUDI ES 



UNIVERSITE D O T T A W A ECOLE DES GRADUES 

ESTIMATES OF TOTAL FACTOR PRODUCTIVITY 116 

to follow suit. P r e s s u r e has been applied by unions and by the society 

as a whole. 

As r ega rds the use of productivity as a tool in collective 

bargaining it is essent ia l at the outset to be aware of the difficulties 

that this course of action imposes before attempting the implementation 

of such a policy. 

Before any at tempts at linking productivity and wages can be 

made a m e a s u r e of productivity mus t be decided upon and accepted by 

al l those who will be affected by it. In this respec t it is important to 

insure that the technique of measu remen t chosen takes full account of 

a l l the factors contributing to the creat ion of the output and that these 

various factors be given appropria te weights. 

It appears to be dubious wage policy for an employer or for 

an industry to enter into an agreement providing for a yearly wage 

inc rease of a fixed proport ion equivalent to the average annual pe r cen ­

tage in productivity of past y e a r s . Such an annual improvement factor 

is based on the assumption that these past inc reases in productivity 

will continue in future. That this is an unreal i s t ic assumption is 

demonstra ted by the record of productivity change in individual 

industr ies and in the manufacturing sector as a whole. Productivi ty 

is nei ther automatic or continuous, thus the use of productivity in an 
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T A B L E X 

CHANGES IN PRODUCTIVITY - REAL WAGES 
MANUFACTURING INDUSTRIES 

1946 - 1964 
Real Wages Productivity 

INDUSTRY 

Non-metal l ic Minera ls and 

Produc ts of Pe t ro leum & Coal 

Print ing & Publishing 

Chemical 

Pape r Products 

Texti les 

Iron & Steel 
Non-ferrous Metals & Elec t r ica l 

Appliances 

Miscel laneous Manufacturing 

Foods & Beverages 

Tobacco , Rubber & Leather 

Transpor ta t ion Equipment 

Wood Products 

Clothing 

Total 
Change 

as a 
Percen tage 

of 
1946 

76. 30 

74.39 

74. 11 

73. 08 

64.93 

59. 88 

Average 
Yearly 
Change 

% 

4. 02 

3. 92 

3. 90 

3. 85 

3.42 

3. 15 

Rank 

1 

7 

2 

11 

4 

6 

Total 
Change 

as a 
Percen tage 

of 
1946 

91. 31 

46.71 

82. 38 

40. 47 

68. 65 

49. 60 

Average 
Yearly 
Change 

% 

4. 81 

2.46 

4. 33 

2. 13 

3. 61 

2. 61 

5 9 . 3 0 3. 12 44. 83 2. 36 

56. 63 

55. 01 

55. 82 

53. 16 

52.73 

27. 30 

2.98 

2.90 

2. 89 

2. 80 

2.78 

1.44 

9 

10 

3 

5 

12 

13 

43.47 

41. 95 

76.33 

63. 72 

36.78 

34. 20 

2. 29 

2. 21 

4. 02 

3.55 

1. 94 

1. 80 
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annual improvement factor could well grant much m o r e or much less 

than what is warranted in t e r m s of actual production. 

It is the ra te of inc rease of productivity in the whole 
economy ra ther than that of par t icu lar f i rms or industr ies 
that is re levant to wage determination. If productivity 
change in individual f i rms or industr ies were used as 
guides in those f i rms or industr ies the whole wage s t ruc ture 
•would soon be thrown completely out of ki l ter since there 
is wide d ispers ion in ra tes of productivity change. 

Since the linking of wage ra tes to productivity ra tes in 

individual industr ies p resen ts difficulties one might suspect that the 

same "would be t rue at the sector level. 

Any d i rec t at tempt to link the wage level to the gross 
national product presupposes a national wage policy. 
Ignoring the s ta t is t ica l difficulties faced by planners and 
admin i s t r a to r s of that policy, and also ignoring the 
impact of forces outside Canada upon it , one may question 
whether ei ther management or labour -would "welcome such 
control. Both would be required to su r render freedom of 
action in the field of collective bargaining, freedom which 
they consider vital to their continued existance. 

As further r e su l t of such action would be to freeze the p resen t 

distr ibution of income. There is little evidence to support the conten­

tion that organized labour is willing to accept a perpetuation of the 

p resen t distr ibution of income. 

7 Ibid. , p. 45. 

8 J a m e s C. Cameron and F . J. L. Young, Productivity and 
Wages, (Bulletin No. 16; Kingston: Department of Industr ia l Relat ions, 
Queen's Universi ty, 1958), p. 19-20. 
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In addition to the problems already mentioned it mus t be 

emphasized that productivity is not the sole factor which influences 

g 
wage ag reements . S. H. Slichter ' s tates that the following factors 

a lso influence the bargaining p r o c e s s : 

a) the minimum necess i t ies of worke r s ; 
b) changes in the cost of living; 
c) maintenance of take-home pay in the face of reductions in hours 
d) the ability of the employer to pay; 
e) the effect of the wage set t lement on consumer purchasing 

power and employment; 
f) wages paid in other industr ies or p laces ; 

g) the relat ive strength of the bargaining pa r t i e s . 

These difficulties notwithstanding, productivity remains an important 

factor in this a r ea because at any given t ime the amount of r ea l wages 

available to a par t icular group can be increased by only two methods. 

Either the share of another group or factor of production is 

appropriated, or the supply of goods and services may be increased 

through improvements in productivity. 

Assuming that a suitable technique of measurement can be 

derived J. W. Kendrick and others have suggested that while the index 

of productivity should not be used as the sole determinant of wages 

9 Sumner H. Slichter , Basic Cr i t e r i a Used in Wage 
Negotiations, (Chicago: The Chicago Associat ion of Commerce and 
Industry, 1947). 
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in collective bargaining it could be used as an important bench m a r k 

designating the general a rea in which wage determinat ion should take 

place. 

Withought dictating the form or amount of wage changes, 
this approach would force both par t ies at the bargaining table 
to consider the total impact of their decis ions, not mere ly 
par t icu la r detai ls . It would emphasize the general in te res t 
of the nation in short t e rm economic stability with long t e rm 
improvements in rea l income being linked to improvements 
in productivity. *" 

10 Cameron and Young, Op. Cit. , p. 24. 
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SUMMARY AND CONCLUSIONS 

Productivi ty deserves the attention that it has 
received, for it is a m e a s u r e of the efficiency with 
which r e sou rce s a r e converted into the commodities 
and se rv ices that men want. Higher productivity is 
a means to better levels of economic well-being and 
grea te r national s trength. Higher productivity is a 
major source of the increment in income over which 
men bargain and somet imes quar re l . 

The p r i m a r y purpose of this thesis has been to derive and 

analyse es t imates of total factor productivity for the Canadian 

manufacturing sec tor . In the course of this study it has been necessa ry 

to assemble and analyse a grea t deal of information on the three basic 

building blocks of "total fac tor" productivity, i. e. , output, labour 

and capital . 

Real output in manufacturing as measured by the index of 

industr ial production increased by 121 per cent over the 1946 - 1964 

period. This growth of output was unevenly divided among the various 

industr ies and resul ted from the four major expansions which 

charac ter ized the period. 

The f i r s t expansion was based on satisfying the backlog of 

war -de fe r red investment , consumer demand and on supplying the needs 

of the war-devas ta ted countr ies . The second was based on the demand 

I S. Fabr ican t , Basic Fac t s on Productivity Change, 
Occasional Pape r 63, (New York, National Bureau of Economic 
Resea rch , 1959)» p . 1. 
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created by the outbreak of the Korean War and on the stock«pilling 

requi rements at home and abroad. The third was the investment boom 

of the mid-fifties which was based on raw mate r i a l s exploration and 

development. The las t surge in demand and production was that which 

had its begining in the la t ter pa r t of 1961 and which has extended 

itself to the p resen t . These strong demand influences combined to 

make mos t of the period one of fairly rapid and sustained growth. 

The proport ion of the total labour force employed in the 

manufacturing sector has remained relat ively stable over the period 

under considerat ion, though there have been some substantial shifts 

in the types and distribution of employment. The t rend has been 

towards an increasing proport ion of sa lar ied workers in all industr ies 

which gives evidence of the growing importance of the market ing and 

manager ia l functions in modern industry. 

Other developments which charac ter ized the period have been 

a significant shortening of the work week and steadily increasing 

wages and s a l a r i e s . In general , the earnings of sa lar ied employees 

were higher and rose faster than did those of production worke r s . 

This d ispar i ty may have been in pa r t due to the inclusion of executives 

in the sa la ry e s t ima te s . 
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In the manufacturing sec tor , the stock of fixed reproducible 

capital in t e r m s of 1949 dol lars rose from $7,433 million in 1946 to 

$17, 558 mill ion in 1964. This inc rease in capital stock was in no 

way equally shared by al l industr ies nor is the distribution of types of 

capital the same in a l l indus t r ies . 

One of the major developments in this a r ea during the period 

under consideration has been the change in emphasis in the distr ibution 

of expenditures on new capital. P r i o r to 1958 there was little change 

in the distr ibution of investment expenditures, thereaf ter , expenditures 

on machinery and equipment began to account for an ever increasing 

share of total new capital expenditures. 

With respec t to the es t imates themselves it was found that 

between the 1946-1964 te rmina l y e a r s , productivity in the manufacturin] 

sector increased by 51.4 per cent. This percentage increase over the 

ra te prevail ing in 1946 is equivalent to an average annual increase of 

2. 7 I per cent. Since r ea l output, as measured by the index of 

industr ia l production increased by 121 per cent over the same period, 

2 This is a simple annual average ra te of inc rease . On a 
compound basis the ra te "will be 2. 73 per cent per annum. 
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or by an average of 6. 4 per cent per year , it is evident that about two 

thirds of the growth in output was accounted for by additions to labour 

and capital while one third was contributed by increases in the 

efficiency with "which the inputs were utilized i. e. productivity. 

In the course of the analysis of the manufacturing sector the 

influence of cyclical fluctuations were investigated. It was determined 

that in general these forces tend to have a reinforcing effect. The 

years which recorded the grea tes t increase in productivity in general 

corresponded to the years in which output rose at a higher than 

average r a t e . On the other hand, the poorer productivity performances 

frequently coincided with periods where the growth of output was less 

than the average for the period. 

The industry ra tes of productivity change, while tending to 

c luster about their mean , which coincides with the sector es t imate , 

showed a considerable rage of d ispers ion. The industr ies which 

comprised the manufacturing sector have recorded productivity 

inc reases which vary from 34. 2 to 91. 3 per cent over the 1946-1964 

period. The average annual ra te of productivity increases range 

from I. 80 per cent in the Clothing industry to 4. 81 per cent in the 

Non*metallic Minera ls and Products of Pe t ro leum and Coal industry. 
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While these two ra tes change bracket the dispers ion of the different 

indus t r i es , it should be noted that the productivity r a t e s of the majori ty 

of indust r ies closely para l le l that of the manufacturing sector as a 

whole. 

As regards productivity and rea l wages it was established that 

general izat ions on the basis of so short a period a r e difficult to make. 

Nevertheless it can be stated that the movements of the two var iables 

while they exhibited marked variat ions in detail they both confirm the 

same general t rend toward an improvement of a s imi lar magnitude. 

The analysis has shown that over much of the 1946-1964 period the 

gains in r ea l wages and sa la r ies in manufacturing have been grea te r 

than those in productivity. 

As r ega rds the individual industr ies the r ecord reveals 

considerable divers i ty . These differences should not be in terpreted 

as negative corre la t ion ra ther they should be viewed as evidence of 

the fact that the re a r e many forces involved in the determination of 

wages in each individual industry. It was also noted that there seemed 

to be a relat ively close correspondence between the industr ies with 

high productivity and those with high wages. 
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A grea t deal of work remains to be done in the field of 

productivity r e s e a r c h . Initially, the public should be educated as to 

the exact meaning of productivity for ""Productivity has been much 

discussed y e a r s , and too frequently misunders tood". 

Along "with the explanation of the meaning of productivity 

some r e s e a r c h is needed to improve the methods of calculating 

productivity and improving the quality of the input data. 

Another a r ea that could be profitably explored is that which 

the Economic Council of Canada is at p resen t studying, i. e. the 

determinants of productivity. Once these factors have been isolated 

policies can be formulated which will improve this country ts pe r fo r ­

mance in that a r ea . Finally, the relat ionship of productivity to cos ts , 

p r i c e s , prof i ts , output, employment, investment and inflation should 

be studied if we a r e to gain a grea te r understanding and control over 

the workings of our economy. 

3 Ibid. , p . 1. 
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A P P E N D I X 1 

MANUFACTURING INDUSTRIES 
E S T I M A T E S O F T O T A L GROSS FIXED C A P I T A L STOCKS 

MILLIONS OF CONSTANT 1949 DOLLARS 
1946 - 1964 

Food and B e v e r a g e I n d u s t r y 
M a c h i n e r y 

and 
Y e a r C o n s t r u c t i o n E q u i p m e n t 

1946 456 476 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

I960 

1961 

1962 

1963 

1964 

490 

523 

549 

571 

590 

606 

620 

636 

658 

677 

694 

714 

736 

760 

802 

843 

880 

918 

509 

558 

598 

620 

641 

666 

696 

738 

783 

827 

874 

919 

963 

1016 

1114 

1215 

1224 

1323 

T o b a c c o , R u b b e r and L e a t h e r I n d u s t r y 
M a c h i n e r y 

and 
C o n s t r u c t i o n E q u i p m e n t 

136 

143 

147 

149 

151 

152 

155 

157 

161 

164 

167 

171 

175 

177 

181 

185 

188 

192 

199 

70 

78 

87 

93 

95 

95 

96 

103 

112 

122 

132 

144 

154 

163 

172 

187 

196 

209 

223 
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MANUFACTURING INDUSTRIES 
ESTIMATES OF TOTAL GROSS FIXED CAPITAL STOCKS 

MILLIONS OF CONSTANT 1949 DOLLARS 
1946 - 1964 

Y e a r 

1946 

1947 

T e x t i l e 

C o n s t r u c t i o n 

222 

230 

I n d u s t r y 
M a c h i n e r y 

and 
E q u i p m e n t 

243 

260 

1948 

1949 

235 

237 

287 

311 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

239 

241 

243 

243 

243 

242 

240 

236 

229 

222 

218 

221 

223 

228 

241 

325 

340 

359 

369 

372 

378 

390 

399 

406 

413 

417 

429 

447 

467 

501 

Clothing 

C o n s t r u c t i o n 

139 

138 

139 

140 

141 

142 

141 

141 

141 

140 

139 

132 

118 

100 

90 

91 

89 

89 

89 

I n d u s t r y 
M a c h i n e r y 

and 
E q u i p m e n t 

59 

66 

74 

82 

88 

92 

99 

107 

113 

118 

122 

128 

133 

138 

144 

152 

160 

170 

180 
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MANUFACTURING INDUSTRIES 
ESTIMATES OF TOTAL GROSS FIXED CAPITAL STOCKS 

MILLIONS OF CONSTANT 1949 DOLLARS 
1946 - 1964 

Y e a r 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

I960 

1961 

1962 

1963 

1964 

Wood 

C o n s t r u c t i o n 

309 

309 

310 

313 

316 

320 

324 

328 

327 

324 

327 

318 

304 

299 

297 

309 

316 

323 

334 

I n d u s t r y 
M a c h i n e r y 

and 
E q u i p m e n t 

182 

189 

202 

216 

222 

228 

243 

254 

267 

286 

308 

329 

345 

364 

387 

429 

475 

526 

584 

P a p e r P r o d u c t s 

C o n s t r u c t i o n 

753 

786 

815 

838 

856 

878 

904 

920 

931 

944 

978 

1020 

1040 

1045 

1050 

1070 

1089 

1108 

1145 

i I n d u s t r y 
M a c h i n e r y 

and 
E q u i p m e n t 

406 

415 

438 

458 

470 

506 

558 

611 

668 

734 

838 

969 

1069 

1129 

1196 

1311 

1423 

1565 

1747 
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MANUFACTURING INDUSTRIES 
E S T I M A T E S O F T O T A L GROSS F I X E D C A P I T A L STOCKS 

MILLIONS O F CONSTANT 1949 DOLLARS 
1946 - 1964 

P r i n t i n g and P u b l i s h i n g I n d u s t r y 
M a c h i n e r y 

and 
Y e a r C o n s t r u c t i o n E q u i p m e n t 

1946 118 177 

I r o n and S tee l I n d u s t r y 
M a c h i n e r y 

and 
C o n s t r u c t i o n E q u i p m e n t 

456 419 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

122 

128 

133 

137 

141 

144 

145 

149 

154 

156 

163 

171 

178 

182 

187 

193 

202 

213 

177 

183 

191 

198 

208 

216 

216 

221 

230 

238 

248 

256 

261 

268 

283 

298 

317 

339 

471 

485 

496 

502 

580 

547 

566 

576 

581 

587 

597 

601 

604 

616 

657 

681 

427 

446 

464 

470 

486 

540 

607 

667 

720 

793 

882 

949 

1014 

1103 

1260 

1351 

714 

761 

147 5 

1640 



APPENDIX 1 134 

MANUFACTURING INDUSTRIES 
ESTIMATES OF TOTAL GROSS FIXED CAPITAL STOCKS 

MILLIONS OF CONSTANT 1949 DOLLARS 
1946 - 1964 

Non-ferrous Metals and 
Transpor ta t ion Equipment Industry E lec t r i ca l Apparatus Industry 

Machinery Machinery 
and and 

Year Construction Equipment Construction Equipment 

1946 396 295 445 476 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

399 

401 

404 

404 

402 

401 

404 

404 

401 

384 

383 

374 

376 

384 

399 

412 

434 

463 

272 

250 

246 

251 

263 

285 

316 

355 

388 

410 

439 

459 

476 

494 

525 

559 

605 

668 

451 

458 

466 

474 

491 

526 

566 

595 

622 

665 

718 

762 

789 

808 

830 

851 

87 3 

901 

456 

453 

464 

47 8 

496 

527 

566 

607 

653 

710 

778 

837 

870 

898 

970 

1017 

1030 

1073 
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MANUFACTURING INDUSTRIES 
ESTIMATES OF T O T A L GROSS FIXED C A P I T A L STOCKS 

MILLIONS O F CONSTANT 1949 DOLLARS 
1946 - 1964 

Y e a r 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

N o n - m e t a l l i c M i n e r a l s , and P r 
of P e t r o l e u m and C o a l Indus 

M a c h i n e r y 
and 

C o n s t r u c t i o n E q u i p m e n t 

447 

464 

498 

524 

537 

551 

575 

612 

669 

746 

832 

923 

1016 

1104 

1172 

1223 

1300 

1338 

140 

154 

181 

202 

216 

250 

297 

336 

363 

386 

422 

468 

496 

525 

557 

603 

661 

721 

oducts 
t r y C h e m i c a l Inc 

C o n s t r u c t i o n 

383 

399 

414 

427 

435 

445 

476 

511 

526 

538 

564 

603 

636 

655 

666 

687 

706 

725 

Lustry 
M a c h i n e r y 

and 
E q u i p m e n t 

127 

138 

162 

186 

202 

220 

266 

334 

380 

400 

444 

503 

553 

594 

636 

718 

778 

838 

1964 1362 786 749 923 
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MANUFACTURING INDUSTRIES 
ESTIMATES OF TOTAL GROSS FIXED CAPITAL STOCKS 

MILLIONS OF CONSTANT 1949 DOLLARS 
1946 - 1964 

Miscellaneous Manufacturing Industry 
Year Construct ion Machinery and Equipment 

1946 57 28 

30 

35 

36 

37 

39 

41 

43 

45 

49 

54 

59 

63 

67 

74 

84 

84 

102 

Data on gross capital stock for the period 1946-1960 -were taken 
from "P re l im ina ry Es t imates of Fixed Capital Flows and Stocks, 
Canada, 1946-1960", DBS Daily Bulletin Supplement-2, Tuesday 
December 22, 1964. The es t imates of g ross capital stock for the 
1961-1964 per iod were produced by the author using the method 
outlined in Chapter IV of this thes i s . 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

Source: Data 

58 

60 

62 

64 

66 

_68 

70 

71 

72 

73 

74 

74 

72 

73 

77 

82 

87 

94 

L o n gross 



A P P E N D I X 2 

INDEXES O F T O T A L F A C T O R PRODUCTIVITY 
CANADIAN MANUFACTURING INDUSTRIES 

1946 - 1964 
(1949 = 100. 0) 

Y e a r 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

Food & B e v e r a g e 
I n d u s t r y 

104. 1 

104. 8 

101. 7 

100. 0 

104. 2 

106. 8 

112. 8 

113 .4 

114. 9 

118. 8 

122. 5 

120. 5 

124 .4 

127. 4 

129. 0 

127. 0 

136. 3 

139. 5 

147.7 

T o b a c c o , R u b b e r & 
L e a t h e r I n d u s t r y 

102. 1 

1111-3 

105 .4 

100. 0 

108 .4 

106. 3 

115. 0 

121 .4 

122. 3 

132.7 

139. 1 

140.9 

145. 1 

153 .3 

145. 5 

154. 9 

160. 9 

170.9 

180. 0 

Tex t i l e 
I n d u s t r y 

102. 8 

107. 2 

102. 1 

100. 0 

111. 1 

113. 9 

117. 8 

116. 3 

110. 2 

122. 9 

132. 5 

130. 1 

126. 8 

140. 2 

140 .3 

152. 8 

158 .4 

167. 2 

173 .4 

Clothing 
I n d u s t r y 

107. 2 

104 .2 

100. 8 

100. 0 

103. 5 

109. 8 

115 .9 

116. 5 

119. 6 

120. 5 

125 .5 

125 .4 

126. 0 

123. 3 

119. 6 

116. 3 

117 .8 

146. 1 

143. 8 
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INDEXES OF T O T A L F A C T O R PRODUCTIVITY 
CANADIAN MANUFACTURING INDUSTRIES 

1946 - 1964 
(1949 = 100. 0) 

Y e a r P a p e r P r o d u c t s P r i n t i n g & I r o n & S tee l 
Wood I n d u s t r y I n d u s t r y P u b l i s h i n g I n d u s t r y I n d u s t r y 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

103 .4 

104. 1 

101. 1 

100. 0 

106. 2 

110. 9 

111. 1 

115. 1 

118. 3 

122. 5 

121. 1 

119. 1 

125. 8 

129. 3 

129. 5 

134. 2 

139. 7 

140. I 

141. 4 

93. 1 

97. 1 

97. 7 

100. 0 

108. 4 

113 .4 

106. 3 

111. 1 

115. 0 

118. 3. , 

119- 1 

115 .4 

114. 1 

119. 8 

119-9 

122. 8 

124. 8 

125. 6 

130. 8 

92. 0 

97.4 

101. 0 

100. 0 

101. 4 

104. 6 

106. 4 

109. 5 

113. 2 

115. 0 

121. 7 

119. 6 

115. 5 

119. 5 

119. 8 

123. 1 

127. 8 

128. 9 

134. 9 

92. 0 

99. 2 

99. 0 

100. 0 

104. 2 

111. 0 

105. 6 

102. 2 

1Q0. 5 

112. I 

122. 3 

116 .6 

114. 9 

123 .4 

121. 9 

123. 8 

127. 0 

129. 0 

137. 6 
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INDEXES O F T O T A L F A C T O R PRODUCTIVITY 
CANADIAN MANUFACTURING INDUSTRIES 

1946 - 1964 
(1949 = 100. 0) 

Y e a r 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

I960 

1961 

1962 

1963 

1964 

T r a n s p o r t a t i o n 
E q u i p m e n t 

I n d u s t r y 

85. 8 

97. 6 

98. 0 

100. 0 

107.9 

119. 0 

110. 8 

109. 3 

106. 5 

117. 0 

113 .4 

105. 2 

98. 5 

108. 3 

109.7 

112. 5 

127. 0 

138. 2 

140 .4 

N o n - f e r r o u s 
M e t a l s & E l e c t r i c a l 
A p p a r a t u s I n d u s t r y 

91- 1 

98. 5 

99. 2 

100. 0 

105 .4 

105. 9 

101. 8 

107. 7 

105. 3 

116. 2 

116 .4 

109-4 

109. 0 

116. 5 

121. 9 

123. 8 

130. 1 

133. 3 

132. 0 

N o n - m e t a l l i c 
M i n e r a l s , & P r o d u c t s 
of P e t r o l e u m & C o a l 

I n d u s t r y 

87. 6 

95. 6 

97. 1 

100. 0 

107. 2 

118. 1 

116. 5 

121. 7 

124. 5 

134. 0 

142. 6 

139. 1 

138. 3 

142 .4 

140.7 

145. 3 

147. 9 

153. 9 

167. 6 

C h e m i c a l s 
I n d u s t r v 

99. 1 

101. 6 

101. 6 

100. 0 

109. 9 

113. 7 

109. 9 

116. 5 

125. 4 

132. 4 

136. 0 

137. 0 

144. 6 

150. 9 

156. 5 

160. 9 

162. 4 

168. 4 

180. 6 
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INDEXES O F T O T A L F A C T O R PRODUCTIVITY 
CANADIAN MANUFACTURING INDUSTRIES 

1946 - 1964 
(1949 = 100. 0) 

Y e a r 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

I960 

1961 

1962 

1963 

1964 

M: Lscel laneous Manufac tu r ing 
I n d u s t r y 

99. 2 

9 6 . 4 

96. 5 

100. 0 

102. 0 

111. 7 

109. 3 

1_6. 1 

115. 0 

113. 6 

114. 5 

115. 9 

120. 1 

124. 1 

129. 1 

133 .4 

144.7 

140. 9 

142. 3 

Manufac tu r ing 
S e c t o r 

96. 4 

101. I 

100. 0 

100. 0 

105. 9 

110. 3 

109. 5 

111. 7 

112. 2 

119. 5 

123. 3 

119. 8 

119. 9 

125. 9 

126. 3 

129. 0 

134. 9 

140. 8 

145. 9 


